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CORRECTIONS. 


On page 567, Vol. Ixx, No. 2, October, 1926, last column of Table IV, 
read: 
Non-protein COs. 0.771 gm., instead of 0.742 gm. 


..0.626 * *" 0.600 

0.895 ~~ =e 
“* 0.072 gm. 

** 0.68 

** 2.40 

















THE CHEMICAL STUDIES OF THE OVARY.* 
XI. THE FAT OF OVARIAN RESIDUE. 
By DEE TOURTELLOTTE} ano MERRILL C. HART. 
(From the Research Laboratories, The Upjohn Company, Kalamazoo.) 
(Received for publication, September 30, 1926.) 


Different structures physiologically such as the corpus luteum 
and ovarian residue would naturally be expected to reflect this 
difference in their chemical composition. We have been particu- 
larly interested in comparing the lipoid constituents of these two 
tissues. The phosphatide content of corpus luteum!:? was con- 
siderably greater than that of ovarian residue. From corpus 
luteum we isolated 1.2 per cent of an ether-soluble, acetone-, and 
alcohol-insoluble (cephalin) fraction, and 5.8 per cent of lecithin 
cadmium chloride. Similar fractions from ovarian residue 
amounted to only 0.3 and 0.03 per cent respectively. Possibly 
also, some or all of the phosphatide found in the ovarian residue 
might be due to the inability to separate completely the corpus 
luteum from the ovarian residue. Cholesterol also was present 
in greater amount (1.3 per cent) in corpus luteum than in ovarian 
residue (0.5 per cent). Ovarian residue, however, contains a 
larger amount of protagon-like material. From ovarian residue 
we obtained 1.2 per cent of this ether-insoluble material and from 
corpus luteum 0.1 per cent. 


*The general heading of this series of papers has been changed to 
“The Chemical Studies of the Ovary.’’ Previous papers in this series 
have been published under the separate titles of, “The Chemical Inves- 
tigations of Corpus Luteum,’’ “The Chemical Examination of Ovarian 
Residue,’’ and, ‘“The Chemical Composition and Biological Activity of 
Liquor Folliculi.”’ 

t Holder of the Upjohn Cooperative Fellowship at Kalamazoo College 
(1925-1926). This paper is based upon the thesis presented by Mr. Tour- 
tellotte to the Faculty of Kalamazoo College, in partial fulfilment of the 
requirements for the degree of Master of Science. 

1 Hart, M. C., and Heyl, F. W., J. Biol. Chem., 1925, Ixvi, 639. 

* Hart, M. C., and Heyl, F. W., J. Biol. Chem., 1926; Ixx, 663. 
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We were particularly interested in this paper in comparing the 
fat of ovarian residue with the fat of corpus luteum. The dried 
corpus luteum studied contained 13.1 per cent of fat with an 
iodine number of 78. We have shown in a previous publication,’ 
that this fat contained 35 per cent of saturated acids and 65 per 
cent unsaturated. The fatty acids were 25 per cent palmitic, 
11.2 per cent stearic, 1.6 per cent (CisH3oO02), 32.8 per cent oleic, 
16.6 per cent linolic, 8 per cent arachidonic, and 4.8 per cent of a new 
tri unsaturated acid of the Coo series having the formula CooHsOz. 
The fat of ovarian residue was found on examination to contain 
more palmitic acid (32.4 per cent) and approximately the same 
amount of stearic. Myristic acid was also probably present to 
the extent of 0.4 per cent. This is of interest in relation to the 
finding of Eckstein‘ of approximately 1 per cent of myristic in 
adipose tissue fat. Oleic acid is present in considerably larger 
amounts (55.3 per cent) in ovarian residue than in the corpus 
luteum. Arachidonic acid and the tri unsaturated acid are present 
in smaller amounts than found in corpus luteum. Slightly more 
arachidonic acid was found than Eckstein‘ showed to be present 
in depot fat. Linolic acid, however, was present only in traces. 


EXPERIMENTAL. 


6.13 kilos of fat-free ovarian residue (cows) was ground to pass 
through a No. 20 sieve and exhaustively extracted fractionally 
with ether, 100 liters being used. The material used in the follow- 
ing investigation represents the acetone-soluble part of this ether 
extract. A total solid determination showed the presence of 264 
gm. of fat. 

The ether solution of the fat was extracted with water and 1 
per cent sulfuric acid to remove any water-soluble nitrogen bases 
and inorganic material. The water extract contained 1.270 gm. 
of solid material which contained 6.12 per cent N and 1.48 per 
cent P. The 1 per cent sulfuric acid extract analyzed for 0.0688 
gm. of total nitrogen and 0.0129 gm. of total phosphorus. 

The purified fat weighed 261 gm. This contained 0.41 per 
cent N and 0.19 per cent P. For preliminary analysis, 30 gm. 
of the purified fat were dried to constant weight and the following 
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<A 3 Cartland, G. F., and Hart, M. C., J. Biol. Chem., 1925, Ixvi, 619. 
4 Eckstein, H. C., J. Biol. Chem., 1925, Ixiv, 797. 





XUM 


ng the 

dried 
ith an 
ation,* 
65 per 
[mitic, 
_ oleic, 
anew 
3402. 
ontain 
, Same 
ant to 
to the 
stic in 
larger 
-orpus 
resent 
- more 
resent 
pes. 


0 pass 
onally 
ollow- 
| ether 
of 264 


and 1 
| bases 
‘0 gm. 
48 per 
0.0688 


Ll per 
0 gm. 
lowing 





XUM 





D. Tourtellotte and M. C. Hart 3 


determinations made. Where possible official methods as given 
in Bulletin 107, United States Department of Agriculture, were 
used; otherwise Lewkowitsch’ was followed: 


Specific gravity, Reichert-Wollny value.. 1.36 
= | OPER ae eRe 0.9066 Unsaponifiable.......... 18.8 
100 per cent. 

Iodine No. (Hanus).. 69.54 Cholesterol®.. .........<. 12.4 

| ee 67.58 Acetyl value............. 41.2 


Saponification value. 120.8 


The free fatty acids were separated from 247 gm. of fat by 
extraction with 10 per cent potassium hydroxide. The ether 
solution of the neutral fat was taken to dryness and saponified by 
refluxing for 10 hours with 10 per cent alcoholic potassium hy- 
droxide. The alcohol was removed by distillation’ and the soap 
dissolved in water. The unsaponifiable was then removed by 
extraction with ether. The acids were recovered from the alkaline 
soap solutions by acidifying with 20 per cent hydrochloric acid 
and extracting the liberated fatty acids with ether. 

By this procedure the 247 gm. of fat were separated into the 
following three fractions: 


. 100 gm. of free fatty acids. 
95 “ “ fatty acids from neutral fat. 
46.3 “ “ unsaponifiable material. 


oo to 


The cholesterol was separated from the unsaponifiable material 
by crystallization from alcohol. 30.76 gm. of cholesterol were 
obtained, melting at 148-149°C. The unsaponifiable residue 
remaining after separating the cholesterol was stored under 
nitrogen for future physiological and chemical examination. 


Free Fatty Acids. 


The 100 gm. of free fatty acids in ether solution were separated 
into three fractions by extraction with varying strengths of 


5’ Lewkowitsch, J., Chemical technology and analysis of oils, fats and 
waxes, London, 6th edition, 1921, i. 

® Method of MacArthur (MacArthur, C. G., J. Am. Chem. Soc., 1919, 
xli, 1232). 

7 All distillations were conducted at reduced pressure in an atmosphere 
of nitrogen. 
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alkaline solutions. The fatty acids were recovered from the 
alkaline extracts by acidifying with hydrochloric acid and extract- 
ing the liberated acids with ether. The following fractions were 


obtained: 
10 per cent ammonium carbonate extract, 1.8 gm. acids. 
10 “ “ sodium “ ” 85.6 “ " 
10 “ “ potassium hydroxide = Bs ° ™ 


Ammonium Carbonate Extract of Free Fatty Acids. 


This extract (1.8 gm.) consisted of a light colored oil which gave 
a very strong odor of volatile fatty acids. Nothing crystalline 
was obtained upon allowing the alcoholic solution to stand at 
various concentrations in the ice box. 

The oil was mixed with 10 per cent sulfuric acid and steam- 
distilled. The total volatile acids in the distillate were equivalent 
to 9.63 cc. of normal acid. The neutral solution was concentrated 
to 100 cc., acidified, and the volatile acids extracted with ether. 
Ammonia water was added to the ether solution and the ether 
evaporated. The excess ammonia was removed by boiling and 
the volatile acids precipitated as silver salts. Three fractions of 
silver salts were obtained which were recrystallized from water, 
filtered, washed, dried, and analyzed for silver. 


Analyses. 
Fraction 1. 0.0732 gm. substance: Ag 0.0377 gm. 


Found. Ag 51.5. 


Fraction 2. 0.0999 gm. substance: Ag 0.0537 gm. 
Found. Ag 53.8. 


Fraction 3. 0.1325 gm. substance: Ag 0.0716 gm. 
Found. Ag 54.0. 
Calculated for C,H;O,Ag. Ag 55.3. 

” “ C,.Hi,O2eAg. “ 48.4. 


These results suggest that the volatile acids consist of a mixture 
of butyric and caproic acids. 


Sodium Carbonate Extract of Free Fatty Acids. 


The sodium carbonate extract consisting of 85.6 gm. of acids 
was dissolved in 95 per cent alcohol and cooled in the ice box. 
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A quantity of solid acids separated which upon recrystallization 
from alcohol gave 17.15 gm. of crystalline acids, melting at 
56-58°C. 

The alcoholic mother liquor from the above crystallization 
was evaporated to dryness and the residual acids weighing 68.4 
gm. distilled in vacuo. These acids distilled at 180-220°C. at 
2.5 mm. pressure. On crystallization of this distillate, 5.75 gm. 
of acids melting at 52—54°C. were obtained. The alcoholic mother 
liquor from this crystallization was evaporated to dryness and 
the remaining acids, 47.39 gm., were separated into three fractions 
by the barium-lead salt process.* By this means the total fatty 
acids from the sodium carbonate extract were separated into the 
following three fractions: 


1. 18.46 gm. of unsaturated acids, iodine No. 118. 
2.18.47 “ “ intermediate fraction, iodine No. 90. 
3. 29.29 “ “ saturated acids, iodine No. 18. 


These fractions were later joined for analysis to like fractions of 
acids from the neutral fat. 


Potassium Hydroxide Extract of Free Fatty Acids. 


These acids (13.8 gm.) were crystallized from alcohol. 2.28 
gm. of crystalline acids melting at 54-56°C. were obtained. The 
mother liquors from this crystallization yielded 11.5 gm. of acids 
on evaporation of the solvent. These acids were distilled in vacuo 
at 1.5 mm. pressure. 9.70 gm. of an amber-colored oil which 
solidified on cooling were obtained. This on crystallization from 
alcohol gave 1.10 gm. more of crystalline fatty acids melting at 
61-63°C. These crystalline acids were examined in conjunction 
with the other solid acids and the remainder of the fatty acids 
was separated into the following three fractions by the barium- 
lead salt process: 


1. 2.78 gm. of unsaturated acids, iodine No. 156. 
2. 4.58 “ “ intermediate fraction, iodine No. 100. 
3.0.75 “ “ saturated acids, iodine No. 17. 


These two unsaturated fractions were further studied by the 
formation of their bromine derivatives by the method of Baugh- 


® Levene, P. A., and Rolf, I. P., J. Biol. Chem., 1922, li, 509. 
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man and Jamieson.® 4.58 gm. of the intermediate fraction gave 
0.11 gm. of ether-insoluble bromides decomposing at 224°C. 

This fraction was separated by extraction with boiling benzene 
in a Soxhlet apparatus into 0.05 gm. of benzene-insoluble bromide 
decomposing at 226°C. and 0.05 gm. of benzene-soluble material 
decomposing at 220°C. There was insufficient material for 
analysis but the decomposition points indicate impure arachidonic 
octobromide. The petroleum ether-insoluble bromides amounted 
to 0.01 gm. and decomposed at 170-180°C. The ether- and 
petroleum ether-soluble dibromides weighed 6.31 gm. This 
fraction was reduced with copper-coated zine by the method of 
Wesson.'® 3.45 gm. of acid with an iodine number of 90 were 
obtained. 2.0 gm. of this acid were reduced with hydrogen and 
colloidal palladium by the method of Paal. The reduced solid 
acid on several crystallizations from alcohol gave 0.44 gm. of 
crystalline acid melting at 68°C. A mixed melting point with 
stearic acid was not depressed. This was dried to constant weight 
in vacuo at the temperature of boiling toluene and analyzed. 


Analysis. 
0.1482 gm. substance: CO: 0.4138, H.O 0.1689. 
Calculated for C;sH3,02. C 76.0, H 12.7. 
Found. wi eb A 


The study of this fraction by means of this bromination method 
indicates that this fraction consists largely of oleic acid con- 
taminated with small amounts of the more highly unsaturated 
acids. 

2.45 gm. of the unsaturated acids were also brominated. The 
washed and dried, ether-insoluble bromides weighed 0.64 gm. 
and decomposed at 224°C. 0.62 gm. of this on extraction with 
boiling benzene in a Soxhlet apparatus gave 0.31 gm. of benzene- 
insoluble bromide decomposing at 226°C. This was dried to 
constant weight in vacuo at the temperature of boiling toluene 
and the bromine determined by the Carius method. 


® Baughman, W. F., and Jamieson, G. S., J. Am. Chem. Soc., 1922, xlii, 
2947. 
10 Wesson, L. G., J. Biol. Chem., 1924, Ix, 183. 
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Analysis. 
0.2043 gm. substance: AgBr 0.3188. 
Calculated for CooH;,0.Brs. Br 67.8. 
Found. “ 66.4. 


These results indicate that this material is mainly arachidonic 
octobromide. 

The benzene extract yielded 0.31 gm. of a bromide which 
blackened and decomposed at 220°C. This was dried to constant 
weight and analyzed for bromine. 


Analysis. 
0.1601 gm. substance: AgBr 0.2398. 
Calculated for CisH30O2Brs. Br 63.3. 
“ “ CeoH3,02Bre. “ 61.0. 
Found. ~ ae. 


This analysis suggests linolenic hexabromide. Linolenic hexa- 
bromide, however, melts at 181°C. This fraction probably con- 
sists of a hexabromide of the C2o series contaminated with some 
octobromide. We have found indications for this same hexa- 
bromide in the fat of corpus luteum as well as in the fatty acids 
from the hydrolysis* of the lecithin from corpus luteum. 

Traces only of a petroleum ether-insoluble fraction were ob- 
tained. The soluble dibromide fraction amounted to 4.02 gm. 
On removal of the bromine from this, 1.65 gm. of acid with an 
iodine number of 90 were obtained. This acid was reduced with 
hydrogen and colloidal palladium. The solid acid after several 
crystallizations from alcohol melted at 62°C. This was dried to 
constant weight in the usual manner and analyzed. 


Analysis. 
0.1439 gm. substance: CO, 0.4013, H.O 0.1635. 
Calculated for C;sH3.02. C 76.0, H 12.7. 
Found. “yeu” 2%. 


The study of this fraction indicates that it consists largely of 
oleic acid with larger amounts of the more unsaturated acids, 
such as arachidonic and the tri unsaturated acid of the C2» series, 
than the intermediate fraction reported above. Linolenic acid 
appears to be absent and no evidence of the presence of linolic 
acid was found. 
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Fatty Acids of Neutral Fat. 


These acids weighing 95 gm. were dissolved in ether and ex- 
tracted with varying strengths of alkaline solutions. The follow- 
ing fractions were obtained: 


10 per cent ammonium carbonate, 21.0 gm. acids. 
10 “ “ sodium ” 73.5 “ ” 
10 “ “ potassium hydroxide, 0.35 “ is 


Examination of Ammonium Carbonate Extract. 


This extract on crystallization from alcohol gave 4.36 gm. of 
crystalline acids, melting at 52-57°C. These were examined 
along with the other saturated acids. The rest of the acid in this 
fraction was distilled in vacuo. On crystallization of the distillate 
from alcohol, 0.85 gm. more of solid acid melting at 54—56°C. 
was obtained. The remainder of the acids (9.88 gm.) was sepa- 
rated by the barium-lead salt process into the following fractions: 


1. 1.69 gm. of unsaturated acids, iodine No. 120. 
2.6.38 “ “ intermediate fraction, iodine No. 95. 
3.1.12 “ “ saturated acids, iodine No. 29. 


1.40 gm. of the unsaturated fraction were brominated. The 
ether-insoluble bromides weighed 0.16 gm. The benzene-insoluble 
part of this weighed 0.06 gm. and decomposed at 230°C. The 
benzene-soluble part weighed 0.09 gm. and decomposed at 216°C. 
A very small amount (0.04 gm.) of petroleum ether-insoluble 
bromides was obtained. This was a bad mixture as it melted 
and decomposed at 150-180°C. The petroleum ether-soluble 
bromides (2.35 gm.) were debrominated and the recovered acid 
(0.94 gm.) gave an iodine number of 108. 0.62 gm. was reduced 
and after crystallization from alcohol 0.082 gm. of acid melting 
at 66-67°C. was obtained. This was dried to constant weight and 
analyzed. 


Analysis. 
0.0817 gm. substance: CO, 0.2282, H.O 0.0948. 
Calculated for C;sH3eO2. C 76.0, H 12.7. 
Found. 76.1, H 13.9. 
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The analysis of this fraction indicates oleic acid as well as 
smaller amounts of arachidonic and this tri unsaturated acid of 
the Coo series. 


Examination of Sodium Carbonate Extract. 


This extract on crystallization from alcohol gave 23.7 gm. of 
crystalline acids melting at 48-56°C. The acids from the alcohol 


TABLE I. 
Distillation of Unsaturated Acids, 





Boiling | Neutraliza- | Molecular 





Fraction. | Weight. | point. Pressure. | Iodine No. Sinn watee.® | weight. 
E- | 7. mm.Hg 
1 4.02 | 140-185 | 6 | 90 | 121 480 
2 | 6.28 185-200 | : ; | 120 153 366 
3 | 4.61 200-210 0.6 137 173 324 
4 | 6.36 | 210-235] 0.6 | 188 168 334 











* The neutralization values were abnormally low due to some material 
which was not readily saponified by n/10 sodium hydroxide. 


TABLE II. 
Bromination of Unsaturated Acids. 

















Ether- : Iodine No. 
Fraction. | Acid taken. | insoluble pretra” | Dibromide. | Fees ol | Acid from 
gm. gm. gm. gm. | gm. 
1 2.74 0.10 0.034 4.08 0.87 86 
2 5.79 0.44 0.125 9.06 4.42 103 
3 4.23 0.54 0.078 7.30 3.73 103 
4 5.89 1.79 0.259 10.35 4.88 140 





filtrate were distilled in vacuo and the distillate (44.84 gm.) was 
separated by the barium-lead salt process into three fractions. 


9.73 gm. of unsaturated acids, iodine No. 137. 
25.89 “ “ intermediate fraction, iodine No. 88. 
5.56 “ “ saturated acids, iodine No. 27. 


Examination of Unsaturated Acids. 


These acids were joined with a similar fraction from the sodium 
carbonate extract of the free fatty acids and fractionally distilled 
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at a pressure of 0.6mm. Four fractions were obtained. Neutral- 
ization values and iodine numbers of the fractions were deter- 
mined and their mean molecular weights determined. These 
results are summarized in Table I. 

Each of the four fractions from the above distillation was 
studied by the formation of the bromides. The results of this 
bromination are summarized in Table IT. 

The ether-insoluble bromides from the above bromination 
blackened and decomposed at 226-230°C. Fractions 3 and 4 
of the ether-insoluble bromides were joined and separated by 
extraction in a Soxhlet apparatus with boiling benzene into the 
benzene-soluble and benzene-insoluble fractions. The benzene- 
insoluble fraction (1.12 gm.) decomposed at 231°C. This was 
dried and analyzed for bromine. 


Analysis. 
0.1417 gm. substance: AgBr 0.2224. 
Calculated for CooH;202Brs. Br. 67.8. 
Found. “ 66.8. 


The bromine determination, solubilities, and decomposition 
point indicate arachidonic octobromide. 

The benzene-soluble fraction weighed 1.15 gm. This decom- 
posed at 220°C. It was analyzed. 


Analysis. 
0.1613 gm. substance: AgBr. 0.2421. 
Calculated for CooH;,02.Brs. Br 61.0. 
” “ CisHs3,02Bre. “ 63.3. 
Found. = 8.0. 


This benzene-soluble bromide represents a mixture of a hexa- 
bromide of the C2» series and arachidonic octobromide. 

From the petroleum ether-insoluble bromides a trace of linolic 
tetrabromide was found. These bromides were joined, dissolved 
in cold ether, and separated from traces of ether-insoluble material. 
The ether was removed and the residue crystallized from petrolic 
ether. 0.035 gm. of crystalline tetrabromide melting at 111- 
112°C. was obtained. 

The acids obtained by debrominating the petroleum ether- 
soluble fraction represent the larger part of the unsaturated acids 
(Table II). The high iodine number of Fraction 4 was due to 
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incomplete bromination. On rebromination this fraction yielded 
0.37 gm. more of ether-insoluble bromide which decomposed 
at 226-228°C. Fractions 2 and 3 were joined and an aliquot 
taken for reduction with hydrogen. 2.5 gm. of acid were reduced 
and after several crystallizations from alcohol 0.67 gm. of acid 
melting at 67—68°C. was obtained. This was dried to constant 
weight and analyzed. 

Analysis. 

0.1472 gm. substance: CO, 0.4098, H.O 0.1662. 


Calculated for CisH3.02. C 76.0, H 12.7. 
Found. “75.9, * 12.6. 


The acid in this dibromide fraction is oleic. 








TABLE III. 
Distillation of Intermediate Fractions. 
Fraction. Weight. Boiling point. Pressure. = 
is gm. ~~. mm.Hg 
1 1.12 145-185 1.3 74 
2 19.39 185-195 1.4 85 
3 18.64 | 195-198 1.2 98 











Examination of Intermediate Fraction of Unsaturated Acids. 


This fraction represents the acids whose barium salts were 
insoluble in the benzene-ether mixture and whose lead salts were 
ether-soluble. The intermediate fraction (iodine No. 90) from 
the sodium carbonate extract of the free fatty acids was joined 
with this (iodine No. 88) from the sodium carbonate extract of 
the fatty acids from the neutral fat, and the total acids (44.16 
gm.) fractionally distilled at 1.3 mm. pressure. The results of 
the distillation are summarized in Table ITI. 

2.5 gm. of Fraction 3 were reduced with hydrogen and colloidal 
palladium. There was obtained after crystallization 0.90 gm. of 
acid melting at 69-70°C. This was dried and analyzed. 


Analysis. 
0.1452 gm. substance: CO, 0.4063, H.O 0.1679. 
Calculated for C:sH3,02. C 76.0, H 12.7. 
Found. “ee, * 33:9. 
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These results are interpreted to indicate that these intermediate 
fractions from the barium-lead salt separation consist largely of 
oleic acid. Fraction 3 was probably contaminated with small 
amounts of arachidonic acid as shown by its iodine number and 
by the slightly high figures obtained on the analysis of the reduced 
acid. 

TABLE IV. 
Distillation of Methyl Esters of Saturated Acids. 





| Acid after | Melting 





























Fraction. ar — Pressure. Ester. | Aakd Soom | a point. 
7 | °C, mm.Hg | gm. gm. gm. | oc’. 
1 | 145-150 | 0.75 | 5.58 | 5.15 | 20 | 56 
2 150-160 | 0.7 5.15 | 4.75 | 1.8 56-57 
3 160-165 | 0.6 10.71 | 9.9 | 4.25 57 
4 | 165-170} 06 | 15.90 | 15.1 | 46 | 60-61 
5 | 170-175 | 06 | 12.10 | 11.5 4.14 |- 68-69 
TABLE V. 
Analysis of Saturated Acids. 
| Neutrali-| Analysis. 
Fraction. | a — 
value. Sub- 
| — stance. | CO: H:0 Cc H 
gm. gm. gm. per cent per cent 
1 221 0.1462 | 0.3997 | 0.1610 | 74.6 12.3 
2 219.1 | 0.1541 | 0.4224 | 0.1740} 74.8 12.6 
3 217 0.1571 | 0.4334 | 0.1777 | 75.2 12.7 
4 208 0.1444 | 0.3981 | 0.1630 | 75.2 12.6 
5 202 0.1540 | 0.4277 | 0.1755 | 75.7 12.7 
Calculated for: 
eS 5 197 76.0 2.7 
OS ee 219 75.0 2.5 
CR nc kesceexs 246.1 73.7 2.3 


























Examination of Saturated Acids. 


The saturated acids from the lead salt separations and those 
from the crystallization of the crude acid mixture were joined. 
These acids weighed 67 gm. After recrystallization from 95 
per cent alcohol, 52.5 gm. of acids were obtained which melted 


-~ - 


at 55-56°C. 
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These acids were converted into the methyl esters by refluxing 
for 4 hours with 100 ce. of methyl alcohol and 5 ce. of sulfuric acid. 
52.8 gm. of methyl esters were obtained which were fractionally 
distilled at a pressure of 0.7 mm. of mercury. Each of the 
fractions was saponified, the soap decomposed with dilute sulfuric 
acid, and the liberated acids extracted with ether. The ether 
solutions were washed free from sulfuric acid, dried over anhy- 
drous sodium sulfate, and the ether removed. ‘The resulting acids 
were weighed, crystallized thrice from alcohol, and the melting 
points determined. ‘The results are given in Table IV. 

The crystalline acids from the above distillation were analyzed 
for C and H and the neutralization values determined. From 
the analyses, the composition of the fatty acid mixture is calcu- 
lated to be 75 per cent palmitic, 24 per cent stearic, and 1 per cent 
myristic acid. These results are tabulated in Table V. 


SUMMARY. 


247 gm. of the fat of ovarian residue freed from acetone-insoluble 
phosphatides yielded 195 gm. of fatty acids and 46.3 gm. of 
unsaponifiable material. From the unsaponifiable material 30.76 
gm. of cholesterol were crystallized. 49 per cent of the fatty 
acids are present in glycerides and 51 per cent present as free 
acids. 43.3 per cent of the total fatty acids are saturated and 56.7 
per cent are unsaturated. The experimental work presented in 
this paper indicates the following composition of the fatty acid 
mixture: 0.4 per cent myristic, 32.4 per cent palmitic, 10.4 per cent 
stearic, 55.3 per cent oleic, trace of linolic, 0.7 per cent arachidonic, 
and 0.7 per cent of a tri unsaturated acid of the C2o series having 
the formula CooHsOc. 
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THE VALUE OF COCOA AND CHOCOLATE AS SOURCES 
OF PROTEIN IN THE DIET. 


By H. H. MITCHELL, JESSIE R. BEADLES, anp M. HELEN KEITH. 


(From the Division of Animal Nutrition, Department of Animal Husbandry, 
University of Illinois, Urbana.) 


(Received for publication, October 11, 1926.) 


The United States for many years has been the largest im- 
porter of cacao and cacao products, and since the war an enor- 
mous increase in such imports has occurred. Thus, for the 
period 1910 to 1914, the average yearly importation of cacao 
products was about 145 million pounds. In 1920, the importa- 
tion was 345 million pounds, increasing in 1923 to 417 million 
pounds, at which level it has been approximately maintained to 
the present time. 


Cocoa and chocolate are manufactured from the bean of the cacao tree, 
Theobroma cacao. The fruit of this tree when ripe consists of pods 7 to 10 
inches long containing from 20 to 50 cocoa beans. At harvesting, the pods 
are opened and the pulp and seeds removed. The latter are then generally 
subjected to a fermentation process (1) involving the action of yeast as 
well as of bacteria in order to facilitate the removal of the pulp from the 
beans and to develop their characteristic color and aroma. Subsequent to 
this fermenting or ‘‘sweating,’’ the beans are prepared for market by 
washing, drying, and occasionally by polishing. Probably the most im- 
portant individual process in the manufacture of chocolate and cocoa 
relates to the roasting of the bean. The roasting is very carefully con- 
trolled, the temperatures employed ranging from 100-135°C. During this 
process the aroma of the bean is further developed and the husk is rendered 
readily removable from the remainder of the seed. After roasting the beans 
are cracked and the broken husk separated from the nibs by winnowing. 
During the process the germ is also removed by sieving. The nibs are 
ground to a fine powder, and, if they are to be used in the manufacture of 
chocolate, they are pressed into cakes after admixture with sugar and 
proper flavoring materials. If they are to be used in the manufacture of 
cocoa they are submitted to pressure in hydraulic presses which remove 
from 60 to 70 per cent of the cocoa butter. The original nibs contain from 
45 to 50 per cent fat, while the cocoa powder contains from 25 to 35 per cent. 
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The average composition of cocoa as it is found on the Ameri- 
can and English market is given in Table I. The nitrogenous 
compounds in cocoa have been investigated by Stutzer (2), who 
found in a sample of cocoa untreated by chemicals that theo- 
bromine accounted for 16.6 per cent of the total nitrogen, ammonia 
for 1.4, extractives for 6.3, and proteins for 75.9 per cent. The 
protein content of the cocoa was further subdivided on the basis 
of its solubility by animal enzymes. On this basis 44.6 per cent 
of the total nitrogen of the cocoa was present in the form of di- 
gestible protein and 31.3 per cent in the form of indigestible 
protein. 

TABLE I. 


Reported Average Analyses of Cocoa in America and England. 














fen ro English analyses. t 
ee ae aaa a 6.23 3.0-8.0 
Ee ee aaa eT 18.34 19.0-20.0 (N X 6.3) 
ES ee ce Se 26.69 26.0-31.0 
BT Ac atic ks shogun areshemauct Madi aa nea ae 5.49 3.9-8.8 
el lea os al ig ee aa Se 11.14 2.7-7.3 
i a an AC Se ait ae 4.48 6.8-7.2 
a i ara 1.15 1.7-2.0 
I eels a ee So 0.16 
Other N-free substances.............. 26.32 29.0-31.0 





* Reported by Winton, A. L., Bailey, E. M., and Silverman, M., in Conn. 
Agric. Exp. Sta. 27th Ann. Rep., 1903, 125. 
+ Reported by an anonymous writer in Lancet, 1905, i, 47. 


The solubility and digestibility of the nitrogenous compounds 
in cocoa are important considerations in any determination of 
the value of cocoa and chocolate as sources of protein in nutri- 
tion. In 1900 Forster (3) reported the results of chemical and 
physiological investigations of the nitrogen compounds of Dutch 
cocoa. Of the total nitrogen in this cocoa 44.5 per cent was 
soluble in water, 15.6 per cent was insoluble in water but was 
rendered soluble by artificial enzyme digestion, while 39.9 per 
cent was insoluble in water and indigestible by enzyme action. 
5 years later an anonymous contributor in the Lancet (4) reported 
similar tests on English cocoas, the results of which indicated 
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that 33 per cent of the nitrogen of untreated cocoa was soluble 
in water and that 68 per cent was digested by pepsin and pan- 
creatic juices. 

The results of such tests as these indicate that a considerable 
fraction of the nitrogen of chocolate and cocoa exists in the non- 
protein form, mainly as theobromine, and that of the protein in 
these products a large share cannot be brought into solution by 
animal enzymes. ‘The indigestibility of much of the nitrogen of 
cocoa is further confirmed by animal experimentation. Schles- 
inger (5) cites digestion experiments by Weigmann upon himself 
showing that only 42 per cent of the nitrogen of cocoa is absorbed. 
In 1895 Cohn (6) also determined the digestibility of cocoa 
nitrogen by in vitro experiments as well as by digestion experi- 
ments on human subjects. He found that gastric and pancreatic 
digestion in vitro dissolved about 53 per cent of the nitrogen of 
cocoa powder. When cocoa was included in the mixed diet of 
human subjects, it was estimated that 53 per cent of its nitrogen 
remained undigested. Similar experimental results pointing to 
a low digestibility of cocoa nitrogen have been reported by Pin- 
cussohn (7) and by Neumann (8). In contrast to most of the 
published experimental data of this nature, Forster (3) cites 
human digestion experiments by Bruns which have been inter- 
preted to mean that about 80 per cent of the nitrogen of cocoa is 
digested when consumed with milk. 

In so far as the authors are aware, no experiments have been 
reported in the literature relating to the biological value of the nitro- 
gen of chocolate and cocoa; 7.e., the maximum utilization of the ab- 
sorbed nitrogen in metabolism. Furthermore many of the results 
reported on the digestibility of the nitrogen of these foods in vivo 
are in all probability only approximately correct, since they have 
been arrived at indirectly from results obtained with a mixture 
of nitrogen-containing foods. 

The experimental data to be reported in this paper were ob- 
tained from a series of thirty rats fed rations in which ether- 
extracted cocoa powder supplied practically all of the nitrogen, 
or in which a definite mixture of skim milk powder and ether- 
extracted cocoa powder provided practically all of the nitrogen. 
The investigations consisted of nitrogen balance studies so de- 
signed as to obtain information on the biological value of the ab- 
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sorbed nitrogen as well as on the digestibility of the nitrogen as 
consumed. 


Experimental Results. 


The methods used in the metabolism experiments relative to 
the preparation of rations, the feeding of the rats, and the col- 
lection of the excreta have already been described in earlier 
reports (9) of similar experiments from this laboratory. In the 
initial and final standardizing periods, in which the relation of 
metabolic fecal nitrogen to the food consumed and of the endog- 
enous nitrogen to the body weight were determined, the rations 
contained a small amount of dried ether-extracted whole egg to 
furnish from 0.70 to 0.75 per cent of nitrogen. In the test periods 
the nitrogen-containing constituents consisted of dried ether- 
extracted cocoa powder or of dried skim milk or of a mixture of 
the two in such a proportion that each food contributed 50 per 
cent of the nitrogen. In these test rations enough of the nitro- 
gen-containing materials was included to furnish from 1.30 to 
1.35 per cent of nitrogen (approximately 8 per cent of crude pro- 
tein). The other constituents of the ration consisted of 4 per 
cent of the Osborne and Mendel salt mixture (10), 10 per cent of 
centrifuged butter fat, 4 per cent of Cellu Flour,! from 10 to 30 
per cent of sucrose, and enough starch to make up 100 per cent.? 
The ingredients were mixed with water and cooked in a double 
boiler. After being dried and ground finely, the rations were 
analyzed for nitrogen. 

Besides its allotment of the experimental rations each rat re- 
ceived daily 25 mg. of yeast vitamin (Harris) as a source of 
vitamin B and 1 to 2 drops of cod liver oil. The amount of 
vitamin B concentrate fed contained from 2 to 3 mg. of nitrogen, 
which has been neglected in the calculation of the coefficients of 
digestibility and of the biological value of the dietary nitrogen. 

The cocoa used in these experiments was a common brand 
(Hershey’s), which was found by analysis to consist of the follow- 
ing constituents: moisture 3.63, ether extract 24.63, ash 4.91, 


1A product obtained from the Chicago Dietetic Supply House con- 
taining by actual analysis, 37.8 per cent crude fiber and only 0.015 per 


cent of nitrogen. 
2 In the later experiments 1 per cent of NaCl was included in the rations. 
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nitrogen 3.83, crude fiber 6.84 per cent, and gross energy 5.57 
calories per gm. A theobromine determination by the Decker- 
Kunze method gave an exceptionally high value of 2.83 per 
cent. This cocoa powder was continuously extracted with ether 
for 48 hours or longer before being used in the experimental ra- 
tions, in order to remove at least the larger part of the contained 
fat. It has always been considered a wise plan in performing 
these metabolism studies to insure that the rations to be com- 
pared are approximately equal in calorific value. 

The complete data of the nitrogen balance experiments with 
the resulting biological values are given in Table II. 


The biological values calculated for these different rations presumably 
represent the percentage of the absorbed nitrogen used by growing rats 
for both maintenance and growth. Their calculation involves the assump- 
tion that the excretion of fecal nitrogen per gm. of food consumed on the 
low nitrogen ration in the first and final periods measures the excretion of 
body nitrogen in the feces in the intervening periods. Any change in the 
excretion of the fecal nitrogen per gm. of low nitrogen ration from the 
first to the final period is assumed to occur in a linear fashion with respect 
to time. The second assumption involved in these calculations is that the 
excretion of nitrogen in the urine per 100 gm. of body weight in the first and 
final periods of low nitrogen feeding is a measure of the excretion of body 
nitrogen in the urine in the intervening periods, any change in these values 
from the first to the final period being also assumed to be linear. 

The reasoning upon which the calculation of the biological value is 
based may be illustrated by a concrete case; namely, that of Rat 334 in 
Period II. In 7 days comprising this collection period, this rat consumed 
an average of 5.6 gm. of food daily containing 73 mg. of nitrogen exclusive 
of that consumed in the vitamin B concentrate. The fecal nitrogen for 
the period averaged 56 mg. per day, of which it is estimated that 11 mg. 
were contributed by the body. Therefore, 45 mg. may be considered as 
representing indigestible food nitrogen. On this assumption, the ab- 
sorbed nitrogen amounted to 73 — 45 = 28 mg. per day. The average 
daily excretion of urinary nitrogen was 34 mg. Since the endogenous 
metabolism of the rat was estimated to have resulted in the excretion of 
13 mg. of nitrogen in the urine, the difference between this figure and the 
total urinary nitrogen, namely 21 mg., may be considered as resulting from 
the exogenous metabolism of the cocoa nitrogen. Since 28 mg. of the 
cocoa nitrogen were absorbed and 21 mg. were excreted in the urine, ap- 
proximately 7 mg. may be considered as having been retained in the 
body for maintenance and growth. This amounts to 26 per cent of the 





’ Examination of the ether extract showed it to be practically free of 
nitrogen. 
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TABLE II. 
Nitrogen Metabolism Daia and Biological Values. 



























































: itil | Final | Food N | Fecal | Urinary | Biological 
Rat No. | Teighe, | weight. | intale, | intake, | "8 | PNM” |Poatec 
Period I. Egg ration, containing 0.74 per cent N. 

gm, gm, gm. mg. mg. mg. per cent 
331 61 67 8.0 14 17 
332 59 65 8.0 14 17 
333 59 65 8.0 15 16 
334 59 63 8.0 15 18 
335 58 62 8.0 15 17 
Period II. Cocoa ration, containing 1.29 per cent N. 
331 52 48 5.4 69 54 32 22 
332 51 47 5.2 67 53 29 34 
333 51 49 5.1 66 49 30 33 
334 53 49 5.6 73 56 34 26 
335 50 48 5.7 74 | 54 33 35 
Period III. Egg ration, containing 0.74 per cent N. 
331 55 56 5.7 12 11 
332 54 52 4.9 10 15 
333 57 58 5.8 13 11 
334 55 56 5.8 12 13 
335 56 56 5.6 11 14 
Period I. Egg ration, containing 0.74 per cent N. 
341 63 67 8.0 15 22 
342 60 63 7.9 15 20 
343 61 63 8.0 15 19 
344 62 64 8.0 14 20 
345 65 67 8.0 16 20 
Period II. Cocoa ration, containing 1.29 per cent N. 
gm, gm gm, mg. mg. mg. per cent 
341 56 50 5.8 75 58 33 41 
342 52 48 6.8 88 59 28 66 
343 54 48 5.7 74 40 31 65 
344 53 44 5.6 72 60 28 47 
345 55 50 5.9 76 63 30 38 
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TABLE I1—Continued. 




























































































a - » . si ila 
: ; I 1 Final Food N Fee i c 
icles |) mat No, | tal | Final | Food | x. | Regal | Usiary <3 
Period III. Egg raticn, containing 0.74 per cent N. 
per cent 341 56 63 6.8 | 13 17 
342 54 57 7.0 | 12 14 
342 55 56 5.7 | 14 14 
344 54 55 5.3 13 16 
345 57 61 6.1 16 12 
—— Period I. Egg ration, containing 0.72 per cent N. 
— 361 70 85 8.0 22 18 
22 362 70 72 7.8 18 16 
34 363 89 94 8.0 20 20 
33 364 68 77 6.4 22 15 
26 365 81 87 8.0 20 20 
35 
Period II. Milk ration, containing 1.35 per cent N. 
——— 361 92 100 8.0 108 30 38 82 
362 79 89 6.8 92 24 34 80 
363 98 106 8.0 108 29 36 84 
364 86 95 7.0 95 24 29 87 
365 90 100 8.0 108 30 34 87 
—— Period III. Cocoa-milk ration, containing 1.35 per cent N. 
—— 361 98 97 8.0 108 52 43 « 68 
362 86 85 7.3 100 61 41 55 
363 106 108 8.0 108 57 42 68 
364 93 95 7.9 107 62 38 68 
365 99 98 7.9 107 61 41 68 
——— Period IV. Cocoa ration, containing 1.31 per cent N. 
gm. gm. | gm. mg. mg. mg. per cent 
- cent 361 91 80 5.4 71 57 31 44 
4] 362 72 68 | 4.6 60 46 32 17 
56 363 101 94 6.2 81 70 24 27 
35 364 88 78 | 4.3 56 48 28 24 
17 365 93 82 4.8 63 66 30 
38 
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TABLE I1—Continued. 





| Biological 
































_ | Initial | Final | Food N Fecal | Urinary 
Rat No. | han oo weight intake. intake, XN. : value, 

Period V. Egg ration, containing 0.72 per cent N. 

361 so | s1 | 36 | | 12 

362 Died at end of Period IV* 

363 101 106 7.0 15 16 

364 86 81 3.8 12 11 

365 | 89 92 5.3 13 14 
Period I. Egg ration, containing 0.67 per cent N. 

391 119 | 115 6.5 17 24 

392 123 | 114 5.6 14 30 

393 115 112 6.4 16 24 

304 17 | 12 5.9 | 44 26 

395 115 | 108 5.6 | 15 26 

Period II. Cocoa-milk ration, containing 1.28 per cent N. 

391 114 119 8.0 103 | 53 | 36 | 7 

392 112 115 8.0 103 54 | 36 78 

393 | 110 113 8.0 103 51 38 73 

394 110 111 8.0 103 | 55 36. 74 

395 107 110 8.0 103 | Oi 38 75 








Period III. Egg ration, containing 0.66 per cent N. 





301 | 125 | 125 5.4 | 11 18 
392 10 | 112 6.4 11 16 
393 | 18 | 119 6.1 12 16 
394 | (116 | (120 6.7 12 15 
395 | 5 | 113 4.7 } 10 | 15 





* In estimating the body N in the feces and urine of this rat in Periods 
II to IV, inclusive, it was assumed that the variations in the metabolic N 
in the feces per gm. of food consumed, and in the endogenous N in the 
urine per 100 gm. of body weight, were the same as the average variations 
for the other four rats in the group. 
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TABLE I—Continued. 
—- 7 a cel ; { 2 f.. - 
— Initial Final | Food y Fecal Urin Biol ] 
Biological Rat No weight. weight. intake. intake. | N.. + md ~ g 
value, - —_—___—— — —————— 
= Period I. Egg ration, containing 0.67 per cent N. 
_ 7 gm, gm, | gm. | mg. _ | mg. | orem 
401 78 8 | 7.9 | | 4 | 13 
402 77 79 | 6.8 | | 16 | 13 
403 77 79 7.5 | 16 | 13 
404 75 79 7.5 17 12 
405 71 75 7.2 | 15 12 
Period II. Cocoa-milk ration, containing 1.28 per cent N. 
401 84 89 7.5 | 96 50 27 75 
402 82 87 8.0 | 103 58 30 71 
403 81 85 7.9 102 54 29 | 7 
404 79 80 6.8 | 87 50 | 25 75 
405 78 77 7.9 | 102 57 | 30 70 
Period III. Egg ration, containing 0.66 per cent N. 
7 401 2 | 39 | 7.7| 1 
78 402 “ 91 3.1 6.4 11 
73 403 90 89 | 3.8 7.1 12 
74 404 85 83 | 3.2 7.8 11 
75 405 85 84 4.2 9.0 11 
Period I. Egg ration, containing 0.67 per cent N. 
411 65 oy | 5.4 | } 3 | a | 
412 61 63 | 5.9 | 15 | 10 || 
413 73 78 =| =~ «8.0 | | @ i & 
414 61 62 5.7 | 12 10 
415 65 69 7.3 | 6.0 11 | 
Periods Period II. Cocoa-milk ration, containing‘1.28 per cent N. 
bolic N ao _ oe 
“in the 411 65 7 | 5.4 7 | 37 | 23 | 7% 
riations 412 64 67 | «5.1 66 40 22 | 7 
413 75 83 | 7.3 93 55 29 | #67 
414 62 67 5.3 68 41 22 | 69 
415 68 73 61 | 79 46 24 | 66 
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TABLE Il—Concluded. 
r Initial Fir al Food N Fe al Uri ary Bic log | . 
Rat No. wala. weight. intake. intake. N. N. 4 |  — 
Period III. Egg ration, containing 0.66 per cent N. ' 
gm. gm. gm. mg. mg. mg. per cent 
411 69 66 2.7 6.1 12 
412 64 64 2.9 6.7 12 
413 81 81 4.5 9.2 11 
414 66 65 3.1 8.4 8.6 
415 74 72 3.3 6.3 9.8 























absorbed nitrogen and represents the biological value of the cocoa nitro- 
gen in this particular experiment. 


Table III contains a summary of the coefficients of digestibility, 
corrected for the metabolic nitrogen in the feces, and of the 
biological values of the nitrogen of cocoa in fifteen individual ex- 
periments. Considerable variation will be seen to exist within 


TABLE III. 
Digestibility and Biological Value of Nitrogen of Cocoa. 








Rat No. Digestibility. Biological value. 
331 38 22 
332 35 34 
333 41 33 
334 38 | 26 
335 41 35 
341 37 41 
342 46 66 
343 63 65 
344 33 47 
345 | 35 | 38 
| 
361 42 44 
362 | 40 | 17 
363 30 27 
364 38 24 
365 | 12 
RN TE, ee — 
I 5 6c dxeseaws 38 37 
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these two groups of figures, which is probably the result of two 
conditions. The cocoa rations were not particularly palatable to 
the experimental rats, and as a result the intake of food was too 
small to maintain constant weight, even though the energy 
intake appeared to be sufficient. In most cases, the rats lost 


TABLE IV. 


Digestibility and Biological Value of Nitrogen of a Mixture of Milk and Cocoa 
Containing Equal Parts of the Nitrogen of Each. 

















Rat No. Digestibility. Biological value. 
361 | 74 | 68 
362 55 55 
363 65 68 
364 66 68 
365 61 68 

| 
391 | 67 77 
392 | 63 78 
393 | 68 73 
394 63 74 
395 | 69 75 
401 | 63 75 
402 61 71 
403 | 63 75 
494 | 61 75 
405 | 60 70 
411 | 65 76 
412 | 58 71 
413 58 67 
414 59 69 
415 52 66 

| 


ee 63 70 





weight continuously and appeared to be in a miserable condi- 
tion at the end of the period. Concordant results cannot be 
expected with animals in a condition of marked malnutrition. 
In the second place, it is to be expected that the variation among 
individual determinations of digestibility and biological value 
will tend to increase as these values decrease. Given deviations 
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in the amount of nitrogen apparently digested, or in the amount 
of nitrogen apparently retained in the body from the food in indi- 
vidual experiments, due either to faulty technique, inaccurate 
assumptions, or inherent biological variation, will have the 
greater effect on the coefficients of digestibility and the biological 
values the smaller the amounts of absorbed nitrogen and re- 
tained nitrogen. The average coefficient of digestion of cocoa 
nitrogen in these fifteen tests is 38, while the average biological 
value of the digestible nitrogen is37. These figures may perhaps 
be considered as fairly representative of cocoa when fed at a level 
of approximately 8 per cent of crude protein. 

The protein value of a mixture of milk and cocoa containing 
the same amount of nitrogen from each was next investigated 
in metabolism experiments upon twenty rats. The results of 
this experiment relative to the coefficients of digestibility and the 
biological values are summarized in Table IV. This mixed 
ration was much more palatable to the rats than the ration of 
cocoa alone and was consumed in much larger amounts. Never- 
theless it was evidently deficient in some essential constituent, 
since the amount of food consumed should have produced much 
larger gains in weight than were actually recorded. The results 
of the experiment are much less variable than those obtained with 
the cocoa alone and the averages may be considered as more sig- 
nificant. The average digestibility of this mixture of milk and 
cocoa nitrogen was 63 per cent and the average biological value, 
70 per cent. 

In one experiment on five rats the biological value of milk 
nitrogen alone was found to be 84. This value is practically 
identical with those previously reported (11). Assuming an 
average biological value for milk nitrogen and a digestibility of 
100 per cent, it is possible to compute the digestibility and the 
biological value of a mixture of equal parts of milk and cocoa 
nitrogen, such as was fed in the second series of experiments, on 
the assumption than neither food influenced the utilization of the 
other. Taking the digestibility of cocoa nitrogen as 38 (see 
Table III), a mixture of equal parts of milk and cocoa nitrogen 
would be expected to have a digestibility of a as F « 69. 
This value is not far from that actually obtained for such a mix- 
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ture, namely 63 (see Table IV), and the approximation would be 
still closer if a digestibility of less than 100 is assumed for milk 
nitrogen. Assuming a digestibility of 95 would lower the esti- 
mated value to 66. These calculations, therefore, do not afford 
any basis for assuming any marked associative digestibility 
between these two foods. 
































TABLE V. 
Daily Excretion of Creatine + Creatinine Nitrogen by Rats in Egg Ration 
Periods. 
Initial period. Final period. os 
Creatine + creatinine N. | Creatine + creatinine N. 
— — | Per kilo | As per —- | | Per kilo | A 
body Total | Per kilo} As p body Total | er kilo | As per 
weight. per day. | uae .. N. weight. | per day. | mb | urine N. 
gm, mg. mg. gm, mg. mg. | 

331 63 1.31 21 7.6 56 1.36 24 12.5 
332 61 1.30 21 7.5 53 1.32 25 8.9 
333 61 1.28 21 7.9 57 1.30 23 12.0 
334 62 1.28 21 7.2 55 1.30 24 10.1 
335 59 1.28 22 7.5 55 1.34 24 9.6 
341 64 1.45 23 6.7 59 1.47 25 8.7 
342 61 1.39 23 7.0 55 1.42 26 10.2 
343 62 1.48 24 7.6 55 1.49 27 10.6 
344 63 1.58 25 7.8 54 1.52 28 9.7 
345 65 1.44 22 7.3 58 1.47 25 12.5 
361 78 1.34 17 7.4 84 1.25 15 | 10.1 

362 70 1.31 19 8.2 
363 90 1.62 18 8.1 104 1.51 14 | 9.6 
364 73 1.32 18 8.7 83 1.29 15 | 12.2 
365 | 83 1.56 19 7.8 90 1.35 15 9.4 














In predicting the biological value of a mixture of cocoa and 
milk nitrogen in the ratio of 1 to 1, the marked difference in diges- 
tibility must be taken into account. Although the ratio of total 
nitrogen consumed was as 1 to 1, the ratio of digested nitrogen 
would be quite different, due to the low digestibility of the cocoa 
nitrogen. Again, assuming 100 per cent digestibility for milk 
and 38 for cocoa, the ratio of digestible milk nitrogen to digesti- 
ble cocoa nitrogen would be 2.6 to 1. Weighting the average 
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biological value (85) of milk nitrogen by 2.6 and that of cocoa 
nitrogen by 1, we obtain a biological value for the mixture of 72. 
This value is a remarkably close approximation to that actually 
obtained, namely 70, and again the approximation would be 
even closer if the digestibility of milk nitrogen were taken as 
less than 100. There is no reason to believe, therefore, that any 
supplementary relation exists between the digestible nitrogen of 
cocoa and that of milk. This finding is of considerable practical 
value in dietetics, since cocoa or chocolate is frequently consumed 
with milk either as a beverage or as a confection. 

In most of the metabolism studies of this investigation the 
average daily excretion of total creatinine in the urine was deter- 
mined‘ by a method described elsewhere (12). The results of 
this determination include the preformed creatinine as well as 
any creatine that might be present. A summary of the results 
for the egg ration periods, in which the nitrogen metabolism 
may be considered at the endogenous level, is given in Table V. 
The creatine coefficients of the rats in this experiment are quite 
similar to those previously reported from this laboratory and 
also to those computed from the data of Rose and Cook (13), 
relating to metabolism studies on twelve rats receiving a variety 
of diets, several of which were deficient in one or more indispensa- 
ble amino acids. These creatinine coefficients, for rats weighing 
from 70 to 200 gm., ranged from 17 to 25 and averaged 21. 
Morgan and Osburn (14) have reported creatinine coefficients of 
13 to 14 for growing and adult rats, while Folin and Morris (15) 
found an average value of 15 mg. of creatinine nitrogen per 
kilo of body weight per day for adult rats and 10 mg. for young 
rats. 

An unexpected result of the creatinine studies was the marked 
increase in the excretion of total creatinine in the urine for rats 
on the cocoa rations. This increase is shown by the summaries 
contained in Tables VI and VII. There was an increase of ap- 
proximately 80 per cent in the excretion of creatine + creatinine 
nitrogen in the cocoa periods over the egg ration periods. ‘The 
cocoa-milk ration also induced a large increase in creatinine @x- 
cretion in marked contrast to the milk ration alone. While the 


‘ The creatinine determinations were made by Mr. R. L. Zimmerman. 
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creatinine excretion was increased slightly on the milk ration as 
compared with the egg ration, the increase was almost exactly in 
proportion to the increase in body weight. These findings suggest 
the occurrence of creatine or creatinine or both in commercial 
cocoa powder. 


TABLE VI. 
Effect of Ingestion of Cocoa on Daily Excretion of Creatine + Creatinine 
Nitrogen by Rats. 
































E Co Co E 
Rat No. | sation. ention. a. ¥ Rat No. a. 4 cotton. | colle. 
mg. mg. mg. mg. mg. mg. 
331 1.31 2.35 1.36 341 1.45 2.51 1.47 
332 1.30 2.40 1.32 342 1.39 2.58 1.42 
333 1.28 2.33 1.30 343 1.48 2.58 1.49 
334 1.28 2.28 1.30 344 1.58 2.47 1.52 
335 1.28 2.09 1.34 345 1.44 2.60 1.47 
TABLE VII. 


Daily Excretion of Creatine + Creatinine Nitrogen on Rations Containing, 
Respectively, Egg, Milk, and a Mixture of Milk and Cocoa. 





Egg ration. Milk ration. Milk-cocoa ration. Egg ration. 





Rat No. Excretion Excretion Excretion Excretion 

Total per kilo Total per kilo Total per kilo Total per kilo 
excre- | of body aoe i y excre- | of body excre- | of body 
tion. | weight. | “2. | weight. | “°"- | weight. tion. weight. 





mg. mg. mg. mg. mg. mg. mg. mg. 
361 1.34 17 1.58 16 2.64 27 1.25 15 
262 1.31 19 1.50 18 2.91 34 
363 1.62 18 1.82 18 3.02 28 1.51 14 
364 1.32 18 1.63 18 2.58 27 1.29 15 
365 1.56 19 1.79 19 2.98 30 1.35 15 





























A qualitative examination of the original cocoa powder used 
in the metabolism experiments indicated the presence of a water- 
soluble compound or compounds giving the Jaffé color reaction. 
Furthermore, the intensity of the reaction was perceptibly in- 
creased by boiling the water extract with picric acid previous to 
the addition of alkali. Carrying out the reaction in a quantitative 
way and expressing the results as creatinine gave a percentage of 
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0.55 before boiling and 0.76 after boiling, both percentages refer- 
ring to the total weight of cocoa used. An attempt definitely to 
isolate and identify creatine or creatinine in cocoa is now being 
made. 


SUMMARY. 


When fed to young growing rats at a level of approximately 8 
per cent crude protein, the nitrogen of cocoa was found to possess 
an average coefficient of digestibility (corrected for metabolic 
nitrogen in the feces) of 38. The average biological value of the 
absorbed nitrogen of cocoa was found to be 37, though the varia- 
tion among the fifteen individual determinations was considerable. 

The average true digestibility of a mixture of milk and cocoa 
nitrogen in the ratio of 1 to 1, also fed at a level of approximately 
8 per cent crude protein, was found to be 63. Assuming the 
true digestibility of milk nitrogen to be 100 and that of cocoa 
nitrogen to be 38, the expected digestibility of a mixture of the 
two in equal amounts would be 69. If the digestibility of milk 
nitrogen is taken as 95 instead of 100, the estimate is reduced 
to 66. 

An average biological value for milk nitrogen of 84 was ob- 
tained in metabolism studies on five rats. This is almost iden- 
tical with the values previously reported. 

For a mixture of milk and cocoa nitrogen in a proportion of 1 
to 1, an average biological value of 70 was obtained. Assuming 
an average biological value of 85 for milk nitrogen, and making 
allowance for the great difference in the digestibility of milk and 
cocoa nitrogen, the estimated biological value of the cocoa nitro- 
gen is 31. This indirect estimate of the biological value of cocoa 
nitrogen checks fairly well with that actually determined, 7.e. 
37, and the agreement would be closer if the digestibility of milk 
nitrogen were assumed to be less than 100. If a digestibility of 
95 is assumed, the estimate for the biological value of cocoa nitro- 
gen is raised to 40. 

Such calculations may be considered both as a confirmation of 
the determined biological value for cocoa nitrogen and as a strong 
indication that no marked supplementary relation exists between 
the nitrogenous compounds of milk and of cocoa, since, if such a 
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relation existed, the estimated value for cocoa should be dis- 
tinctly higher than the determined value. 

Cocoa, with an average crude protein content of 21.5 per 
cent, would, according to these investigations, contain 8.2 per cent 
of digestible crude protein, and only 3.0 per cent of “net” pro- 
tein, available for replenishing and enlarging the protein content 
of the animal body. Evidently cocoa must be classed as an un- 
important protein food. The same conclusion applies with even 
greater force to chocolate, which contains a smaller percentage of 
crude protein than cocoa. 

The ingestion of cocoa markedly increased the excretion of 
creatine + creatinine by rats, as determined by the reaction of 
Jaffé. An examination of the cocoa by this reaction indicated 
the presence in it of 0.55 per cent of creatinine and 0.24 per cent 


of creatine. 
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THE INFLUENCE OF HYDRAZINE AND ITS DERIVATIVES 
ON METABOLISM. 


Il. CHANGES IN THE NON-PROTEIN NITROGENOUS CONSTITU- 
ENTS OF THE BLOOD AND IN THE METABOLISM OF 
INJECTED GLYCINE IN HYDRAZINE 
INTOXICATION.* 


By HOWARD B. LEWIS anv SEIICHI IZUME. 


(From the Laboratory of Physiological Chemistry, Medical School, University 
of Michigan, Ann Arbor.) 
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INTRODUCTION, 


Mann and his coworkers (1-4) have recently reviewed the réle of 
the liver in many important metabolic processes and, with the aid 
of the improved operative technique for hepatectomy developed 
by him, have brought forward new and convincing evidence of 
the function of the liver in the regulation of blood sugar content, 
in the deamination of amino acids, in the formation of urea, and 
in the destruction of uric acid. 

There is another method available by which these hepatic 
functions may be demonstrated; namely, by the use of chemical 
substances which have an effect primarily upon the liver cells 
without producing marked injury to other tissues. Among these 
substances is hydrazine, which has been shown by Wells (5) to 
act specifically upon the parenchymatous cells of the liver. 
Although many investigations have been concerned with the 
influence of hydrazine on carbohydrate metabolism, little atten- 
tion has apparently been given to the question of protein or uric 
acid metabolism in the hydrazinized animal. It is the purpose of 
the present paper to present data obtained on the influence of 


* The material presented in this and the following paper comprises an 
abstract of a part of the thesis presented by S. Izume in partial fulfill- 
ment of the requirements for the degree of Doctor of Philosophy in the 
Graduate School of the University of Michigan. 
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hydrazine poisoning in the rabbit upon the amino acid, urea, and 
uric acid content of the blood, and upon the glyconeogenesis 
following ingestion of a simple amino acid, glycine. 

It has been observed by Underhill (6), MacAdam (7), and 
Bodansky (8) that the subcutaneous injection of hydrazine sulfate 
produces a notable hypoglycemia. Underhill (9) has also reported 
that the total solids of the blood are increased in hydrazine 
poisoning, an increase associated with the anhydremia produced 
(10, 11), which has been ascribed to the fluid loss through vomiting. 
Underhill and Baumann (12) have demonstrated a hyperlipemia 
in hydrazinized dogs, the maximum content of blood fat being 
definitely related to the hypoglycemia. Hendrix and McAmis 
(13) observed an alkalosis in hydrazine poisoning, but were unable 
to show any causal relation between the alkalosis and the hypo- 
glycemia. The ratio of sodium to chlorine in the serum was found 
to be increased in hydrazine intoxication. Bodansky (14) has 
reported one experiment in which he noted a marked increase in 
the non-protein nitrogen of the blood of a dog poisoned with 
hydrazine. Underhill and Kleiner (15) found that the urinary 
nitrogen and sulfur were little altered in dogs after the adminis- 
tration of hydrazine, but the content of creatinine and phosphorus 
was somewhat increased. No lactic, hydroxybutyric, or diacetic 
acid, no acetone and no glucose or other reducing substances were 
present in the urine. MacAdam (7) observed a creatinuria in 
hydrazine intoxication, which was closely associated with the 
hypoglycemia. ‘These results were confirmed by Underhill and 
Baumann (16) who also noted a decreased hydrogen ion concen- 
tration of the urine. 

In addition to the histological demonstration of liver injury in 
hydrazine poisoning (5), functional tests have also indicated im- 
pairment of the activity of the hepatic cells. The rate of excretion 
of injected phenoltetrachlorophthalein (17) is greatly decreased 
in dogs after hydrazine administration. The ability to synthesize 
hippuric acid after the administration of sodium benzoate is 
diminished (18). The tolerance for fructose is also lessened (14). 
Fiske and Karsner (19), however, in perfusion experiments, were 
not able to demonstrate any difference between normal livers and 
livers poisoned with hydrazine in their ability to lower the 
ammonia content of the perfusion fluid. 
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EXPERIMENTAL. 
Methods. 


Rabbits which had fasted for several days were used in this 
investigation. Blood was usually drawn from the marginal ear 
vein, but occasionally from the heart, sodium citrate being used 
as anticoagulant. Both hydrazine sulfate and glycine were 
dissolved in physiological salt solution and injected subcutane- 
ously. The animals received no food during the course of the 
experiments, but were given 50 to 75 cc. of water twice daily 
through a stomach tube. It was hoped by this means to avoid 
any marked concentration of the blood, which might be associated 
with the fasting and hydrazine intoxication. 

For the determination of sugar, non-protein nitrogen, urea 
nitrogen, and amino nitrogen of the blood, and amino nitrogen 
of the urine, the methods of Folin and Folin and Wu were used. 
Uric acid in the blood was estimated directly in the Folin-Wu 
tungstic acid filtrate by Benedict’s method. The glycogen 
content of the liver was determined by Pfliiger’s method with a 
slight modification in the technique of the final determination 
of reducing sugar. After the conversion of glycogen into glucose 
in the usual way, the solution was decolorized with Lloyd’s reagent 
and the glucose was then determined by the Folin-Wu method. 


Results. 


Influence of Hydrazine on Amino Acid, Urea, and Uric Acid 
Content of Blood. 


Our experiments judged both from the chemical findings and 
from the results of pathological examination of the liver and 
kidneys fall into two rather clearly defined groups. Microscopic 
examination! of the tissues by Dr. A. 8. Warthin of the Depart- 
ment of Pathology showed that a sufficient dose of hydrazine 
sulfate (130 mg. per kilo) when administered subcutaneously to 
rabbits always produced to some extent a fatty degenerative 
infiltration of the liver. This finding was constant in practically 
all of our animals. In about half of these, however, the kidneys 

‘The pathological examination and diagnosis were made by Dr. A. S. 


Warthin, to whom we wish to take this opportunity to express our thanks 
for his hearty cooperation. 
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were also affected, inflammation and fatty degenerative infiltra- 
tion being observed. 
In those animals in which kidney involvement resulted following 


TABLE I. 
Rabbit 109, female, weight 1.9 kilos. 





























} 3 Blood content of: 
| 12 | | & | 88 
| 3 = > 3 
Date. | S | | M ; & | = FS Remarks. 
3 3 | pe | & | 38. 
| 3 2 = 3 Be. 
| & X es} &§ | & 3 
= RD Z | 5D | E 
1926 | a | mg mg. | mg | mg. mg. 
June8 | | | 6 days fasting. 
9.00 a.m. | | 109 | 60.7} 26.5) 10.3 | 1.80 | 
10.50 “ | 130 | | | | | | 
4.50 p.m. | 163 | 66.7) 30.1) 16.7 | 2.2% 
10.50 “ | | 122 | 74.5} 37.0) 18.4 
JuneQ | 
10.50 a.m. 110 | 105.3) 55.2) 17.6 
10.50 p.m. | 150 | 148.2) 84.8) 17.5 | 2.76 | Slight depression. 
June 10 | 
10.50 a.m. | 125 | 165.8] 114.3) 20.3 | 2.89 
11.30 “ 130 
1.30 p.m. | 74 | 210.0) 124.0) 30.4 | 4.36 | Marked depression. 
2.00 “ Death. 








Pathological Report.—\Xidney showed very marked lesions. Throughout 
the cortex there were areas of atrophy and fibrosis with some inflammatory 
infiltration involving a whole labyrinth. The tubules were in part atrophic 
and in part dilated with atrophy of the cells, but the glomeruli were rel- 
atively well preserved in these areas. In some of the dilated tubules a finely 
granular bluish-staining precipitate was present. Some of the tubules 
showed a slight lipoidosis of renal cells. The inflammatory process e:- 
tended clear through from the cortex to the portion of the papilla belong- 
ing to the part involved. 

Liver: slight fatty degenerative infiltration. Atrophy of large bile 
ducts. Slight lymphocyte infiltration of some of the periportal islands. 


the injection of hydrazine, a marked rise in the non-protein 


nitrogen and in the urea nitrogen occurred (Table I). It was 
noted that, whenever the blood showed a marked retention of 
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urea nitrogen, the kidney injury was also present. We consider 
that the rise in the urea content of the blood is associated with a 
disturbance of kidney function and that the hepatic injury is not 
necessarily involved. 
TABLE II. 
Rabbit 113, female, weight 2.4 kilos. 





Blood content of: 


| 
| 
| 
| 

















3 2 | |¢ 
l3/| |@ |] ./8 
Date. Bs gE | FI ‘3 Remarks. 
| @ is | # = 
5 | 2 = 3 
| & | ¢ | Be | sia 
el@ae|s*|s | 4 
ae : ; Sn Te 
1926 oka | mg. mg mg mg. 
July2 | | | 7 days fasting. 
9.40 a.m. | 95 | 60.6 | 32.5 | 10.3 2.29 
10.15 “ | 130 | | | | 
1.15 p.m. 87 | 62.0 | 33.3 | 12.1 | 2.86 
415“ | | 62 | 61.7 | 25.8 | 15.8 | 2.47 
7:15 “ | 105 | 72.3 | 26.0 | 22.4 | 2.38 
10.15 “ | 154 | 84.5 | 30.2 | 26.0 | 2.38 
July 3 | | | 
10.15 a.m. | | 111 |102.5 | 32.8 | 32.2 | 2.96 | Depression, blood 
| | from heart. 
July 4 | | | 
10.15 a.m. | 111 | 86.9 | 33.8 | 31.1 3.86 | Still in depression. 
July 5 | 
10.15 p.m. 106 | 70.2 | 33.6 | 13.5 | 2.96 | Apparently normal. 


| | | | Killed. 


Pathological Report.—Postmortem microscopical examination showed: 
(1) Liver: Moderate passive congestion. Slight small celled infiltration 
of many islands. Slight hepatitis. Slight atrophy of liver cells without 
fatty infiltration but scattered cells showed large fat droplets (slight fatty 
infiltration). No necrosis. (2) Kidney: Very slight cloudy swelling, 
possibly post mortem. No other pathology. 


In the absence of kidney lesions, the content of non-protein 
nitrogen, amino acid nitrogen, and uric acid always increased 
prominently and progressively following the injection of hydrazine 
sulfate, while the urea nitrogen remained almost constant (Tables 
Il and III). Of the changes in the composition of the blood, the 
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increase in the amino acid nitrogen was most significant, its 
maximum content being two to four times the normal value for 
the fasting rabbit. The increase cannot be considered to be due 
to any concentration of the blood, since the urea nitrogen was 
practically unchanged and the sugar content frequently much 
lowered. No definite relationship between the degree of hypo- 
glycemia and the increase of amino acid nitrogen was noted, but 


TABLE III. 
Rabbit 106, female, weight 2.3 kilos. 









































3 Blood content of: 
: : & | 583 
g a . | & 1388 
Date. 3 a 3 ERE Remarks. 
2 g é . Fes marks 
4 B | 2 | & |es 
x Ss: a ° be. 
2|6|éa| a] 4 | #3 
=) R Z =) < |e 
1986 orks ».| mo mg mg. mg mo 
June 2 6 days fasting. 
4.20 p.m. 107 | 51.5 | 24.5 | 14.1 | 1.27 
— = 100 
June 3 
12.15 a.m. | 182 | 55.3 | 24.2 | 19.5 | 1.31 
ne | C&@ 142 | 61.4 | 25.8 | 24.7 | 1.50 
10.05 “ | 100 
4.05 p.m. | 42 | 72.1 | 24.7 | 31.8 | 3.66 | Coma. 
6.05“ | | 39 | 78.4 | 23.5 | 34.3 | 3.70 | Condition con- 
| tinued. 
7.00 “ | | | | Death. 


Pathological Report.—(1) Liver: Very slight fatty degenerative infiltra- 
tion. Congestion. (2) Kidney: Congestion. Slight cloudy swelling. No 
other changes found. 


it was observed that the progressive increase in the amino acid 
nitrogen was usually paralleled by the increase in uric acid.2 The 
increased amino acid content was most marked when the animals 


2 We use the term “‘uric acid’ content with the realization that the 
substance determined by Benedict’s direct method, particularly in rabbit 
blood, may consist in large part of other substances which react with the 
arsenophosphotungstic acid reagent. 
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showed severe intoxication. Thus Rabbit 113 developed the 
maximum increase (213 per cent of the normal content) 24 hours 
after the administration of hydrazine when the animal showed 
severe symptoms of intoxication. During the intoxication, the 
blood amino acid content continued high, but when the animal 
recovered from the symptoms and appeared normal 84 hours after 
the injection, the amino acid content was also found to have 
returned nearly to the normal value. It should be noted that the 
greater part of the increase in the non-protein nitrogen is ac- 
counted for by the rise in the amino acid nitrogen. The results 
of these and other similar experiments suggest that in hydrazine 


TABLE IV. 
Effect of Subcutaneous Injection of Glycine upon Amino Acid Nitrogen 
Content of Blood of Normal Fasting Rabbits. 

















Glycine Amino acid nitrogen in 100 cc. blood. 
Rabbit No. Fasting. injected per — 
“ilo. Initial.| 1 hr 3 hrs. | 6 hrs. | 9 hrs. 12 hrs. 
days gm. mg. mg. mg. mg. mg. m9. 
99a 2 1.0 8.23 | 17.5 | 17.5 | 14.0 
10la 2 1.0 8.14 | 18.5 | 17.5 | 14.3 
102 5 1.0 9.95 26.2 | 21.4 13.4 
103 5 1.0 8.58 22.5 | 18.4] 12.3 
108 6 1.0 8.91 | 24.2 | 23.1 | 16.8 | 10.3] 9.5 
99b 4 3.0* 8.23 | 49.0 | 47.2 | 47.0 | 40. 
101b 4 3.0* 8.14 | 46.4 | 48.2 | 45.3 43.8 


























* Previous injection of glycine (1 gm. per kilo) on the 2nd day of fasting. 


poisoning, the injury to the liver results in a disturbance of protein 
metabolism as evidenced by the failure of deamination of amino 
acids and their accumulation in the blood. 


Influence of Hydrazine on Amino Acid Tolerance of Rabbits and on 
Glyconeogenesis Following Administration of Glycine. 


Further evidence of the failure of the animal organism to metab- 
olize the protein derivatives satisfactorily in hydrazine poisoning 
was afforded by comparative studies of the behavior of glycine in- 
jected subcutaneously into normal and hydrazinized rabbits. As 
shown in Table IV, when glycine in moderate amounts (1 gm. per 
kilo) was injected into rabbits previously fasted for short periods, 
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the amino acid nitrogen content of the blood increased to two to 
three times the initial value within an hour, and remained high 
for several hours, gradually returning to the normal content 
within 9 to 12 hours. With larger amounts of glycine (3 gm. per 
kilo) the increase was much greater and the high level of blood 
amino acid nitrogen persisted for more than 12 hours. 

When glycine (1 gm. per kilo) was injected after previous injec- 


TABLE V. 
Effect of Subcutaneous Injection of Glycine upon Amino Acid Nitrogen 
Conte nt of | Blood under Influence of Hydrazine Poisoning. 








| Admin 



































| istra- Amino acid nitrogen in 100 cc. blood. 
tion of: 

F as . | i... | After glycine. | Remarks. 

es a | 3 2 ; . —_—_—_— —— - —| 

+ = $3 /55) = £ £ 5 £ E | 5 | 4 

fo mem OO |] a oo ray = o° © eo |S 
days |mg.|gm.| mg. | mg. | mg. | mg. | mg. | mg. | mg. | mg. 

102) 6 |130)1.0) 9.7/12.4 |17.5) [37.0/40.3)42.0/ | Glycine given 7 

| | | hrs. after hydra- 
; | | | zine. 

103} 6 |130)1.0/11.0)12.9 |14.9) 138.5 47 .3)52.5 | Glycine given 6.5 
| | | hrs. after hydra- 
| | | zine, 

108} 7 |130)1.0) 8.5)12.5 I15. 5/35. 6/40. 2/46. 0149. 2/49, 0} Glycine given 7 
| | | hrs. after hydra- 
| | | zine. 

99} 6 |130)3. 0} 8.2 1s 5. 5* (63. 7/86. 5/95. 5 | Glycine given 5 
| | hrs. after hydra- 
} | zine. 
101) 6 |130/3.0| 8.1/16.6*| 173. 3,82.5'86. 5 " “ 





* Sample was collected. 4 hours ‘after the injection of hy drasine. 


tion of hydrazine (Table V), the amino acid content of the blood, 
which was already somewhat increased as a result of the hydrazine 
injection, increased to a maximum of three to four times the initial 
value, and remained at this high level for more than 12 hours. 
With larger amounts of glycine (3 gm. per kilo), the blood amino 
acid had increased tenfold in 6 hours, when the animals were 
killed for the determination of glycogen in the liver. 
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A graphic representation of this difference between normal and 
hydrazinized animals is given in Fig. 1, in which are shown the 
curves for the amino acid nitrogen of the blood following the 


TABLE VIL. 
Effect of Subcutaneous Injection of Glycine upon Urea Nitrogen Content of 
Blood in Inanition and after Administration of Hydrazine. 
Rabbit 108, male, weight 1.9 kilos. 


Hydrazine 





Blood content of: 

















vate. eins lees Glycine inenannncesiianlalliadaingataeninietinaiane — 
ae | Nestea” | insted, [S| aminoacid | Ui 
1936 mg. per kg. gm, per kg. mg. mg. mg. 
June 1* 
8.45 a.m. 109 8.9 26.2 
8.55 “ 1 
9.55 “ 125 24.2 27.4 
11.55 “ 111 23.1 20.7 
2.55 p.m. 105 16.8 34.5 
§.55 “ 100 10.3 32.2 
8.55 “ 111 9.5 30.3 
June 2 
8.10 a.m. | 102 8.5 27.6 
8.50 “ 130 
11.50 “ 75 12.5 26.1 
2.50 p.m. 56 15.5 23.4 
3.20 “ 1 
4.20 “ 98 35.6 23.2 
6.20 “ 95 40.2 25.5 
in 82 46.0 25.0 
June 3 
12.20 a.m. 126 | 49.2 27.1 
3.20 “ 135 49.0 25.1 
11.50 “ 100 32.0 26.8 
11.50 p.m. 105 31.5 26.5 
June 5 | 
10.00 a.m. | 112 9.8 } 27.5 








* The animal fasted for 6 days previous to the beginning of the ex- 
periment. 


injection of 1 gm. of glycine per kilo in the fasting rabbit (Curve I), 
and in the same animal under the influence of hydrazine intoxica- 
tion (Curve II). For comparison, the changes in the blood amino 
acid content of another rabbit poisoned with hydrazine, but to 
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which no glycine was administered, are given (Curve III). It is 
evident that the ability of the organism to metabolize injected 
glycine is greatly impaired in hydrazine poisoning. 

In the normal fasting rabbit the urea content of the blood after 
the injection of glycine (1 gm. per kilo) increased gradually and 
reached its maximum value about 6 hours after the injection. In 
the hydrazinized rabbit, on the other hand, even though the amino 
acid nitrogen of the blood increased greatly above the normal after 
the injection of glycine, no rise in the urea nitrogen was observed. 
A typical protocol is presented in Table VI in which are given the 
values for blood urea of Rabbit 108, the same animal for which 


TABLE VII. 
Effect of Subcutaneous Injection of Glycine upon Sugar Content of Blood. 





Blood sugar content in 100 ce, blood. 






































Glycine 
Rabbit No. Fasting. injected — -_ 
per kilo. | Jnitial.| 1hr. | 3bre. | 6hrs. | brs. | 12 hrs, 
days gm, gm, gm. gm. gm. gm. | gm, 
99a 2 1.0 | 0.118) 0.132) 0.117 0. 112| | 
10la 2 1.0 0.116} 0.120) 0.111) 0.107 
102 5 1.0 |0 124 0. 129) 0.121] 0. 105 
103 5 1.0 0.134 0.123) 0.116) 0. 111) 
108 6 1.0 0.109 0.125) 0. 111) 0.105) 0.100) 0.111 
100a 2 1.0 0.124) 0.131] 0. 128 0.118) 
99b 4 3.0* | 0.118) 0.154] 0.155) 0.148 | 0.143 
101b 4 3.0* | 0.116) 0.143) 0.143) 0.143 | 0.141 
100 4 3.0* | 0.124 0.150] 0.141] 0.133, | 0.123 





* Previous injection of glycine (1 gm. per kilo) on the 2hd day. 


curves of blood amino acid content are plotted in Fig. 1. The 
constancy of the values for urea nitrogen obtained in this experi- 
ment would indicate that the high values for amino acid nitrogen 
cannot be due to concentration of the blood as a result of the 
hydrazine intoxication. 

The blood sugar of fasting rabbits was little affected by the 
injection of glycine in doses of 1 gm. per kilo (Table VII). In 
most animals the sugar content of the blood remained unaffected, 
but occasionally (e.g. Rabbits 99a and 108, Table VII) a slight 
transient hyperglycemia was observed 1 hour after the adminis- 
tration of glycine. However, when larger doses of glycine (3 
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gm. per kilo) were injected, the blood sugar content increased 
about 20 to 30 per cent in an hour and remained high for several 
hours. In the hydrazinized animals, even when 3 gm. of glycine 
per kilo were injected, no significant change in the blood sugar was 


TABLE VIII. 
Effect of Subcutaneous Injection of Glycine upon Sugar Content of Blood 
under Influence of Hydrazine Poisoning. 




















Admini-| 
stration Sugar content of 100 cc, blood, 
ol: 
i cae 
| 33 PI After hydrazine. After glycine. Remarks 
2 i? iz: ad 
days |mg.|gm.| gm gm. gm. gm. gm. gm. gm, gm. 
102} 6 |130/1.0,0. 133.0. 145 0.132 0.138.0.1330.158 Glycine 
given 7 
hrs. after 
| hydra- 
zine. 

103, 6 |130/1.00.1340.159 0.131 0.111/0.1080.100) Glycine 
given 6.5 
hrs. after 

hydra- 
, o 4 | | zine. 
108! 7 |130)1.00.1020.075 0.056,0.098'0.095'0.082.0.126 Glycine 
given 7 
hrs. after 
hydra- 
| zine. 
99, 6 |1303.00.118 0.153 0.1460. 143.0. 160 Glycine 


given 5 
hrs. after 
hydra- 
zine. 
0.111 6.1160. 1200. 166 ai 


101; 6 |1303.00.116 


apparent (Table VIII). Thus the blood sugar of Rabbit 99 which 
had increased from 0.118 to 0.154 per cent 1 hour after the glycine 
injection (Table VII) showed no change after glycine when the 
animal had been previously poisoned with hydrazine (Table 
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VIII). It is evident that the transformation of glycine to glucose 
does not proceed normally under the influence of hydrazine 
intoxication. 
TABLE IX. 
Glycogen Content of Liver Following Subcutaneous Injection of Glycine to 
Normal and Hydrazinized Rabbits. 


| | 


Injection, 





























2 | | sos _| g2 
zs a a sulfate.| “™® | 5 
| kg days =" | “— per cent 

111 | 1.6 7 0| 0 0.0927; Control animal. 

8} 1.2 4 100 | O (0.186 | Died 1 hr. after hydrazine injec- 

tion. 
130 Died 2.5 hrs. after last dose of 

109) 1.9 6 130 . pe hydrazine. Hydrazine given 

| on 6th and 8th days. 
100 Died 4 hrs. after last dose of 
7| 2.8 7 100} 0  |0.080 hydrazine. Hydrazine given 
100 on 4th, 6th, and 7th days. 
100 | -. | Died 6 hrs. after last dose of 
me) 38 ’ 100 ° ae hydrazine. Hydrazine given 
on 6th and 7th days. 

102 | 2.0 6 130 | 1.0 |0.147 | Killed 9 hrs. after glycine injec- 
tion. Hydrazine given 7 hrs. 
before glycine. 

103 | 2.3 6 130 1.0 |0.087 a ™ 

104 | 2.4 7 0| 3.0 |0.061 | Killed 9 hrs. after glycine injec- 
tion. 

105 | 2.9 6 0; 3.0 0.624 a si 

112; 1.7 7 0| 3.0 \0.762 i ” 

99 | 2.6 6 130 | 3.0 (0.218 Killed 7 hrs. after glycine injec- 
tion. Hydrazine given 5 hrs. 
before giycine. 

101 | 2.0 6 130 3.0 (0. 126 = 5 











A study of the deposition of glycogen after glycine injection was” 
made in hydrazine poisoning (Table IX). In accord with the 
work of previous investigators we have observed that very small 
quantities of glycogen are present after fasting and after fasting 








46 Hydrazine Influence on Metabolism. II 


and hydrazine intoxication (Rabbits 7, 8, 106, 109, 111). The 
contents of glycogen in the liver of two rabbits (Rabbits 99 and 
101), which after 6 days fasting were injected with hydrazine 
sulfate and 5 hours later with glycine (3 gm. per kilo), were found 
to be 0.218 and 0.126 per cent. Control rabbits similarly treated 
but which received no hydrazine (Rabbits 104, 105, and 112) 
stored 0.061, 0.624, and 0.762 per cent glycogen in the liver, 
indicating in two of the three animals the formation of appreciable 
amounts of glycogen after glycine injection. It appears that both 
glucose and glycogen formation from glycine are inhibited as a 
result of the injury to the liver produced by hydrazine. 


DISCUSSION, 


The marked increase in the amino acid content of the blood 
following the administration of hydrazine, might be considered to 
be due to an increased catabolism of tissue proteins, to a decreased 
ability of the organism to deaminize and utilize amino acids, or to 
a difficulty in excreting amino acids through the kidneys. Under- 
hill and Kleiner (15) observed that the excretion of total nitrogen 
and sulfur in animals during hydrazine poisoning was only slightly 
different from that obtained during a comparable period of inani- 
tion. This fact seems to indicate that hydrazine probably does not 
induce an increased catabolism of tissue proteins to any consider- 
able extent. The fact, which has been demonstrated by the 
authors, that the increase in amino acids in the blood in hydrazine 
poisoning was not always accompanied by an increase in blood 
urea, indicates that the accumulation of amino acids in the blood 
cannot always be ascribed to the renal injury which has been shown 
to be produced sometimes in rabbits by hydrazine. 

It would seem reasonable, therefore, to attribute the increase of 
the amino acid content of the blood to injury of the liver which is 
known to occur in hydrazine poisoning, through which the power 
to deaminize and metabolize amino acids is disturbed. There is 
considerable evidence that the liver is an organ importantly con- 
cerned with the deamination of amino acids and the formation of 
urea. Severe injuries to or extirpation of the liver might be 
expected to cause an accumulation of amino acids in the blood and 
a decrease in the urea content of the blood and urine. Bollman, 
Mann, and Magath (3) studied the effect of complete hepatectomy 
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on the formation of urea in dogs and noted that the amino acid 
content of the blood increased progressively while the blood urea 
decreased considerably. A high amino acid content of the blood 
has also been observed in hepatic disease, acute yellow atrophy, 
cirrhosis, tumor, etc. (20-24). These facts lead us to believe that 
the increased amino acid content of the blood after the injection 
of hydrazine are due to the derangement of hepatic function 
produced by the poison. 

The changes of amino acid and urea content of the blood ob- 
served in fasting rabbits after the injection of glycine in our 
experiments are in accord with those obtained by Van Slyke and 
Meyer (25) and Seth and Luck (26). They are also confirmed by 
unpublished experiments of Johnston in this laboratory. Van 
Slyke and Meyer also found that after the intravenous injection 
of 0.853 gm. of glycine per kilo into a dog, only 3.5 per cent of the 
injected glycine was recovered in the urine. In our fasting rabbits, 
the increases in the amino acid nitrogen in the urine after the 
subcutaneous administration of 1 gm. of glycine per kilo are 
comparable to that of Van Slyke, 1.2 to 6.7 per cent of injected 
glycine being excreted in the urine. 

The decreased ability of the hydrazinized rabbit to deaminize 
and metabolize injected glycine, which we attribute to liver injury, 
is also in harmony with other experimental evidence. Rosenbaum 
(21) introduced a mixture of amino acids, ‘“‘rectamin,’”’ in doses 
equivalent to 40 to 60 mg. of amino nitrogen per kilo subcu- 
taneously into normal individuals and into patients with hepatic 
diseases (tumor, cirrhosis, yellow atrophy, etc.). In normal 
individuals the change in the amino acid nitrogen content of the 
blood was not significant, while in cases of hepatic disease a 
marked hyper amino acidemia was always observed within a short 
time after the injection. Similar results are reported by von 
Falkenhausen (24), Glaessner (27), Masuda (28), and Bier (29). 


SUMMARY. 


1. Subcutaneous administration of hydrazine sulfate to fasting 
rabbits eften produced injury to the kidneys, as well as fatty 
degeneration of the liver. 

2. Hydrazine always caused a marked rise in the amino acid 
content of the blood. The urea content of the blood following the 
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injection of hydrazine to rabbits was not increased when the 
kidneys were not affected by the hydrazine, but often increased 
markedly when the kidneys showed lesions. 

3. In hydrazine poisoning the power of the animal organism 
to metabolize injected glycine, to transform glycine into glucose 
and urea, and to synthesize glycogen from glycine, was diminished. 

4. The results are ascribed to the derangement of the function 
of the liver which results in the failure of normal deamination of 
amino acids. These results also furnish evidence that the liver is 
importantly concerned with deamination of amino acids and 
formation of urea. 


Addendum.—After this paper was submitted for publication, further 
evidences of the similarity between the results observed in hydrazine 
poisoning and total hepatectomy were reported by Bollman, Mann, and 
Magath (30). In hepatectomized dogs it was demonstrated that no 
deaminization of injected amino acids occurred, and no formation of urea 
could be observed. It was also seen that no glucose was formed from 
amino acids (glycine, alanine) after the removal of the liver. Results ob- 
tained in dogs after hepatectomy by these observers are quite comparable 
to the results we have obtained after amino acid injection in hydrazinized 
rabbits. 
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INTRODUCTION. 


The mechanism of the hypoglycemia produced by the injection 
of hydrazine sulfate has been studied from various points of view 
by Underhill and his coworkers. They finally concluded from 
their studies on the respiratory metabolism that the hypoglycemia 
was probably due to an increased combustion of carbohydrate. 
Without enumerating the facts which indicate that the hypo- 
glycemia and other physiological effects produced by hydrazine 
are quite different from those produced by the internal secretion 
of the pancreas, insulin, it is evident that the effect of hydrazine 
on carbohydrate metabolism cannot be explained satisfactorily 
by the hypothesis of Underhill. 

In a previous paper of this series (1) the authors have reported 
that the administration of hydrazine to fasting rabbits caused 
the derangement of liver function, which was manifested in an 
increase in the amino acid content of the blood and in a de- 
crease in the ability to metabolize injected glycine, to transform 
glycine to glucose and urea, and to synthesize glycogen in the 
liver from glycine. In the present paper, experimental evidence 
is presented which indicates that the hypoglycemia following the 
injection of hydrazine is also closely associated with hepatic 
injury, which results in the failure of glyconeogenesis in the 
transformation of amino acids to glucose. On basis of these 
observations a theory of the mechanism of hydrazine hypoglycemia 
is suggested which differs somewhat from that of Underhill. 
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Since Underhill’s discovery of the production of hypoglycemia 
by hydrazine (2), the mechanism of the hypoglycemia has been 
studied by various methods in his laboratory. Underhill and Fine 
(3) were able to prevent hyperglycemia and glycosuria in de- 
pancreatized dogs by the injection of hydrazine, and were able to 
demonstrate the presence of epinephrine in the adrenals of hy- 
drazinized dogs. These results led them to the conclusion that 
hydrazine probably induced hypoglycemia by increasing the 
efficiency of the pancreatic secretion or by augmenting its output, 
since no inhibitory influence on the adrenal secretion was 
evidenced. The glycogen content of the liver and muscles of 
dogs was greatly decreased following the administration of hydra- 
zine (4). Underhill and Prince (5) were unable to demonstrate 
any differences in the degree of utilization of glucose in the 
perfusion of the surviving hearts of normal and hydrazinized 
rabbits. Rabbits poisoned with hydrazine showed a marked 
retardation in the utilization of glucose introduced subcutaneously 
(6). The glyoxalase activity of the liver was not altered by 
hydrazine (7). Underhill and Murlin (8) observed that the 
administration of hydrazine to fasting dogs caused an increased 
respiratory quotient. The heat production of these animals was 
not increased, however, to any extent, by the hydrazine. They 
concluded that an increased combustion of carbohydrate, evi- 
denced by the greater respiratory quotient, was the probable 
cause of the hypoglycemia. 

If, in hydrazine intoxication, there is sufficiently great increase 
in carbohydrate combustion to account for the hypoglycemia 
observed, then it would be anticipated that the glucose adminis- 
tered would be more rapidly utilized by the animal under the 
influence of hydrazine than by the normal animal. Underhill and 
Hogan (6), however, were unable to show that hydrazine led to a 
more rapid utilization of glucose by the organism, but, on the 
contrary, found that the hyperglycemia following the subcu- 
taneous injection of glucose persisted longer in hydrazinized 
animals than in normal animals. The authors have repeated the 
experiments of Underhill and Hogan and were not only able to 
confirm their results, but have offered further evidence which 
indicates that this decrease in the tolerance for glucose is to be 
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ascribed to an impairment of the glycogenetic function of the 
liver produced by hydrazine. 

Underhill has noted a difference in response to injected glucose 
between dogs and rabbits in hydrazine intoxication. Hydra- 
zinized dogs were killed by the subcutaneous injection of 5 gm. 
of glucose per kilo, while rabbits under the same conditions 
showed marked and persistent hyperglycemia, but survived the 
injections. Bodansky (9) who studied the glucose tolerance of 
dogs in hydrazine poisoning does not appear to have observed the 
death of his animals after glucose injection as did Underhill. 


EXPERIMENTAL. 


In these experiments, slightly larger doses of hydrazine sulfate 
and smaller amounts of glucose than those employed by the former 
investigators were used in order to produce more effective hydra- 
zine intoxication and to prevent, as far as possible, the excretion 
of glucose into the urine. The rabbits received no food through- 
out the course of the experiments, but 50 to 75 cc. of water were 
given through a stomach tube twice daily. After a preliminary 
period of fasting, usually of 2 days duration, rabbits were injected 
subcutaneously with hydrazine sulfate in doses of 130 mg. per 
kilo. Several hours after, when the animals usually showed 
abnormal symptoms, 1.85 gm. of glucose (in 25 per cent solution) 
per kilo were injected subcutaneously. The sugar content of the 
blood was determined by the Folin-Wu procedure as indi- 
cated in the tables. 6 to 8 hours after the injection of glucose 
the animals were killed and the glycogen content of the liver was 
determined by a slight modification of Pfliiger’s method (1). The 
control animals received no hydrazine but were treated similarly 
in other respects. 

The data presented in Table I indicate that, after the injection 
of glucose (1.85 gm. per kilo) to fasting rabbits, the concentration 
of blood sugar was increased by about 50 per cent at its maximum 
and usually returned to the normal level within 3 hours. They 
also demonstrate a considerable storage of glycogen in the liver 
6 hours after the administration of glucose. 

When, however, the same dosage of glucose was injected into 
fasting rabbits which had been previously poisoned with hydra- 
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TABLE I. 
Glucose Tolerance of Normal Rabbits. 
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TABLE II. 
Effect of Administration of Hydrazine Sulfate (180 Mg. per Kilo) upon 
Glucose Tolerance of Rabbits. 
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zine, the hyperglycemia became more marked (Table II), with an 
average maximum increase of 90 per cent, and persisted for more 
than 6 hours as arule. The glycogen deposited in the liver after 
glucose injection was very slight in the hydrazinized animal, the 
average content of the liver glycogen of four rabbits being 0.165 
per cent. In both series of experiments the loss of glucose by 
excretion through the kidneys was found to be almost negligible, 
the maximum excretion being less than 10 mg. per hour. The 
difference in the hyperglycemia following the injection of glucose 


Blood 
Sugar 





0.22 % 











0.06 





2 ~ 6 6 


Fia. 1. A comparison of the glucose tolerance as shown by the variations 
in the glucose content of the blood following the subcutaneous injection of 
1.85 gm. of glucose per kilo in the fasting animal (Rabbit 85) (Curve I) 
and in the same animal after hydrazine poisoning (Curve II). 


in normal fasting rabbits and in hydrazinized rabbits is shown 
graphically in Fig. 1 in which the tolerance test for glucose is 
shown for Rabbit 85 before (Curve I) and after (Curve II) the 
administration of hydrazine. 

Our observations concerning the hyperglycemia in normal and 
hydrazinized rabbits after the injection of glucose support the 
work of Underhill and Hogan (6) previously mentioned. The 
values for the glycogen of the liver are also in accord with those of 
Sato (10). 3 hours after the intravenous injection of 2.5 gm. of 
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glucose per kilo, the liver of rabbits which had undergone a 
preliminary period of inanition contained about 2 per cent of 
glycogen, while in control animals, similarly treated, but which 
received no glucose, the glycogen content was approximately 
0.45 per cent. 

Although it had previously been observed (6,9) that the glucose 
tolerance was diminished in hydrazine intoxication, no studies 
of the ability of the liver to form glycogen after glucose adminis- 
tration in hydrazine poisoning appear to have been made. We 
have demonstrated that, despite the persistent hyperglycemia 
after glucose administration in hydrazinized animals, the liver was 
unable to transform the excess glucose into glycogen. Hydrazine 
apparently so injures the hepatic cells that the glycogenetic 
function of the liver is deranged and this injury is manifested by 
the decrease in the glucose tolerance. This point of view is sup- 
ported by the fact that a definite decrease in the tolerance for 
glucose is reported in hepatic injury, as in yellow atrophy pro- 
duced by phosphorus poisoning (11). Clinical observations also 
lend support to this argument (12-17). 

Since the power to synthesize glucose to glycogen was shown to 
be affected by hydrazine, it seemed of interest to determine 
whether the transformation of some simple carbon compound, 
normally a glucose former, to glucose was influenced under the 
conditions of hydrazine intoxication. The influence of hydrazine 
intoxication on the metabolic changes of lactic acid, which is 
closely related physiologically to glucose and also a probable 
intermediary product of the metabolism of alanine, was inves- 
tigated. 

That lactic acid may be converted to glucose in both depan- 
creatized (18) and phlorhizinized (19) dogs has been long known 
and frequently confirmed (20-23). Réhmann (24) demonstrated 
that the administration of sodium or ammonium lactate to fasting 
rabbits led to glycogen storage in the liver. Perfusion experi- 
ments have also shown the possibility of glycogen formation from 
lactic acid in the turtle liver (20). Underhill and Blatherwick 
(25), who noted that the hypoglycemia following thyreopara- 
thyroidectomy was relieved by the injection of calcium lactate, 
considered this effect to be due to the calcium ion rather than to 
lactic acid. Parnas and Wagner (26), who reported an interesting 
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case of hypoglycemia associated with a tumor of the liver in a 
young girl, observed that the oral administration of calcium 
lactate was effective in restoring the blood sugar temporarily to 
its normal level, and considered that the effect was due to the 
conversion of lactic acid to glucose. Pollak (27) did not observe 
any rise in blood sugar content after the subcutaneous injection 
of 1.3 gm. of lithium lactate into a rabbit of 2.2 kilos. This 
negative result is probably to be ascribed to the relatively small 
amount of lactate injected. 


TABLE III, 
Effect of Administration of Sodium Lactate on Sugar Content of Blood and on 
Glycogen Content of Liver. 
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* Dyspnea, death. 


The general plan of the present series of experiments was iden- 
tical with that of the glucose series already presented. The 
lactic acid (inactive) was injected as the sodium salt, in 10 or 25 
per cent solution, in doses usually equivalent to 3 gm. of lactic 
acid per kilo of body weight. As a rule the injection of this amount 
of sodium lactate resulted in the production of a hyperglycemia 
(Table III), the content of blood sugar reaching its maximum 
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(approximately 43 per cent higher than the normal figure) in 
about 3 hours and returning to the normal level within 9 hours. 
No abnormal symptoms were observed. A similar hyperglycemia 
followed the oral administration of the same amount of sodium 
lactate to two animals. One of these, however, showed marked 
depression and died 20 hours after the administration. Oral 
administration of larger doses (5 gm. per kilo) induced a more 
marked hyperglycemia, but was fatal in one of the two experi- 
ments, the rabbit dying in 6% hours. In confirmation of the 
work of others, storage of glycogen was observed in the two 
animals killed for the glycogen determination (1.85 and 2.09 
per cent of glycogen in the liver, Table III). 

When sodium lactate was injected 6 hours after the previous 
injection of hydrazine, the magnitude and duration of the resultant 


TABLE IV. 
Effect of Hydrazine upon Hyperglycemia and Storage of Glycogen in Liver 
Following Subcutaneous Injection of Sodium Lactate. 
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hyperglycemia (Table IV) were greater than those observed in 
normal fasting rabbits, the average maximum increase of the 
blood sugar being 72 per cent and the duration of the hyperglycemia 
more than 9 hours. The glycogen content of the liver 10 hours 
after the injection of the lactate was low, especially in two of the 
three animals studied (Table IV). 

The blood sugar curves following the injection of sodium lactate 
before and after the administration of hydrazine for Rabbit 96 
are shown in Fig. 2 and need no further comment. 

The storage of glycogen in the liver of normal fasting rabbits 
which we observed is comparable to that obtained by Réhmann 
(24). He fed rabbits which had previously fasted for 3 to 4 days 
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re) in | a few doses of 2.5 gm. of sodium lactate together with 2.5 gm. of 














hours ‘ ; sodium acetate (in order to prevent the oxidation of lactic acid) 
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dium | after the last administration. The livers of the animals which 
er ' were fed the lactate contained about 1.86 per cent of glycogen, 
Oral | while control experiments in which no lactate was administered 
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Pra Fig. 2. The influence of hydrazine on the development of the hyper- 
glycemia following the injection of sodium lactate (equivalent to 3 gm. of 


1 in lactic acid per kilo) in Rabbit 96. Curve I shows the blood sugar values 
the in the fasting period, and Curve II the values in hydrazine intoxication. 
mia 
UTS administration of lactate. Pollak’s failure to observe any sig- 
the nificant change after the subcutaneous injection of lithium lactate 
(27) may be due to the small amount injected, since the difference 
ate in the cations, 7.e. lithium and sodium, can hardly explain the 
96 difference between his results and ours. Pollak injected lithium 
lactate in an amount equivalent to 0.55 gm. of lactic acid per 
its kilo. We have observed that, as a rule, sodium lactate in doses 
inn less than 2.0 gm. as lactic acid per kilo did not induce any appre- 
LYS ciable hyperglycemia. 
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The possibility was suggested that some oxidation product of | 


lactic acid, e.g. pyruvic acid, with the power of reducing alkaline 
copper solutions might be formed in the organism and be estimated 
as glucose in the blood sugar determination. Blood after the 
administration of sodium lactate was tested for the presence of 
pyruvic acid by the method of Hurtley (28). It was not possible 
to detect pyruvic acid in any of the blood examined, although, in 
control tests, it was noted that positive tests could be obtained at 
a dilution of 1 part of pyruvic acid in 50,000 parts of the tungstic 
acid blood filtrate. These results make it improbable that the 
hyperglycemia observed was due to pyruvic acid. 

These results obtained in the demonstration of the production 
of hyperglycemia and the formation of glycogen in the liver after 
the administration of sodium lactate to the normal animal furnish 
further evidence that lactic acid is a precursor of glucose in the 
organism. 

Under like conditions a similar hyperglycemia was observed in 
hydrazinized animals. This indicates that hydrazine does not in- 
terfere, at least to any great extent, with the ability of the organism 
to transform lactic acid to glucose. The greater degree of hyper- 
glycemia and its continuation over a longer period of time, 


observed in hydrazinized animals, indicate that, as previously | 


shown, the ability to transform glucose to glycogen is greatly 
diminished by hydrazine. These conclusions are also supported 
by the experimental results of Underhill and Hogan (7). They 
observed that the glyoxalase activity of the liver of dogs was not 
altered appreciably by hydrazine. According to Dakin and 
Dudley (29), the conversion of lactic acid to glucose may be 
effected with the aid of the enzyme, glyoxalase, methyl glyoxal 
being formed as an intermediary product in this transformation. 


CsH1,06 — CH;.CO.CHO — CH;.CHOH.COOH 


The activity of the glyoxalase in the liver and other tissues may 
be considered, therefore, as one of the indexes of the capacity of 
the animal organism to transform lactic acid to glucose. 

It is characteristic of the hypoglycemias produced by insulin 
and by hepatectomy that convulsions result when an extremely 
low level of blood sugar is reached. These convulsions may be 
relieved and the animals restored to normal conditions for several 
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hours by the administration of glucose (30). In our studies of 
hydrazine poisoning, six of nine rabbits which received hydrazine 
sulfate in doses of 130 mg. per kilo developed convulsions. Im- 
mediately after the onset of the convulsions was observed, a 25 
per cent solution of glucose (1.85 gm. per kilo) was injected 
subcutaneously. In four animals the administration of glucose 
produced no effect upon the convulsions and the animals died 
within a short time, while in the other two animals the convulsions 
ceased promptly after the injection of glucose. The animals were 
not restored, however, to the normal condition, but were usually 
depressed and finally became comatose and remained so, in one 
case, for more than 30 hours before death occurred. It is probable 
that, although the symptoms which are closely associated with 
hypoglycemia were relieved, death may have been due to the 
injury of functions of the liver other than those associated with 
carbohydrate storage, or to the injury of other organs produced 
by hydrazine. Williamson and Mann (31) observed that two 
dogs in a series of twenty-six, which received chloroform, developed 
convulsions which were relieved in one animal by glucose. 
Wierzuchowski (32) observed convulsions in three of ten dogs 
under the influence of phlorhizin and was able to relieve the 
convulsions within 20 minutes by the oral administration of 
glucose. 
DISCUSSION. 


On the Mechanism of the Hypoglycemia Produced by Hydrazine. 


In general, hypoglycemia may be the result of two different 
types of reaction in the organism. (1) The decreased sugar 
content may be due to an increased rate of disappearance of sugar 
from the blood. This may be the result of (a) an increase in the 
combustion of glucose or glycolysis, (b) an increase in the rate of 
withdrawal of glucose for storage purposes or an increased rate of 
glycogenesis, or (c) an increased excretion of glucose or inter- 
mediary products of metabolism through the kidneys. (2) The 
lowered blood sugar may be the result of a decrease in the supply 
of sugar available in the system. Such a condition might arise 
either if glycogenolysis, the conversion of glycogen to glucose, is 
interfered with, or if glyconeogenesis, the conversion of non- 
carbohydrate materials to glucose, does not occur normally. 
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There is no evidence to show that the hydrazine poisoning 
induces an increased glycogenesis in the animal organism or that 
it facilitates the excretion of glucose or the intermediary products 
of carbohydrate metabolism through the kidneys. It was noted 
by Underhill (4) that after hydrazine injection the glycogen con- 
tent of the liver and muscles markedly decreased and was never 
found to rise. Underhill and Kleiner (33) found no increased 
glucose or other reducing substances, and no lactic, hy- 
droxybutyric, and diacetic acids or acetone bodies in the urine of 
hydrazinized dogs. We have not been able to demonstrate any 
increased excretion of glucose in hydrazinized animals following 
glucose administration, even when a marked hyperglycemia 
persisted as a result of glucose injections. 

There is, however, evidence which has been interpreted as 
indicating an increased glycolysis after hydrazine administra- 
tion (8). The respiratory quotient of fasting dogs increased 
slightly following the administration of hydrazine.! But this cannot 
be interpreted to be the result of an increased rate of glycolysis 
alone, rather than of changes in the character of the metabolic 
processes, because the following facts are not in accord with this 
assumption. (1) The basal metabolism of the dogs was not 
increased by the hydrazine (8). (2) The consumption of glucose 
by the surviving heart of the rabbit was not increased by the 
administration of hydrazine (5). (3) The utilization of the glucose 
which was parenterally introduced into the hydrazinized animal 
was never greater than that observed in the normal animal (6) 


1 Underhill and Murlin (8) state that ‘‘subcutaneously introduced dex- 
trose is oxidized more rapidly in dogs that have received hydrazine than 
in the normal fasting animal.’’ In support of this statement one fasting 
control experiment alone is cited (Dog 4). It should be noted that the con- 
ditions were not comparable, as the fasting animal, although heavier than 
the other animals, received the same amount of glucose. The fasting 
animal also fasted only 2 days while the hydrazinized dogs had fasted 13 
days (10 days prior to hydrazine and 3 days after its injection) and 7 days 
(5 days prior to the injection of hydrazine and 2 days after). In a later 
experiment when this animal was injected with hydrazine and the rate of 
combustion of subcutaneously introduced glucose studied, the weight of 
glucose injected was double that previously injected for the fasting control. 
It is difficult to interpret these data because of this lack of adequate control 
experiments. 
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if the degree and duration of the hyperglycemia be made the 
criterion. 

It would seem that the increased respiratory quotient, which 
was observed by Underhill and Murlin (8) in hydrazinized animals, 
was a manifestation of the hepatic injury caused by the poison. 
Porges (34) and Porges and Salomon (35) found that a rise in the 
respiratory quotient followed ligation of the abdominal aorta 
and the inferior vena cava below the diaphragm both in normal 
rabbits and in depancreatized dogs. Similar results were obtained 
by Rolly (36), Murlin, Edelmann, and Kramer (37), and others. 
Grafe and Denecke (38) and Mann (39) also observed that the 
respiratory quotient was usually raised after the total extirpation 
of the liver in dogs. Porges considered that the fact was the 
result of increased carbohydrate combustion, fat and protein 
being more difficultly oxidized in the absence of the liver; while 
Rolly and Murlin and his coworkers, who demonstrated that 
there was always a fall in the carbon dioxide content of the blood 
whenever the respiratory quotient of the operated animal was 
increased, considered that the increase was the result of pulmonary 
overventilation caused mechanically by the effect of the operation 
and not the result of an alteration in the character of the me- 
tabolism as thought by Porges. In hydrazine poisoning, as shown 
by Hendrix and McAmis (40), the pH and carbon dioxide com- 
bining-power of the blood is always increased, and, therefore, the 
increase in the respiratory quotient of the animal after the adminis- 
tration cannot be considered solely as the result of the pulmonary 
overventilation. 

An explanation of the mechanism of the hydrazine hypoglycemia 
must, therefore, be sought in the second type of reaction; ?.¢., 
the decrease in the supply of glucose available for combustion. 
There is no evidence that glycogenolysis is diminished, since the 
glycogen content of the liver after glucose injection is less in 
hydrazinized animals than in normal fasting animals. There are, 
however, reasons to believe that the protein metabolism is de- 
ranged and that the normal formation of sugar from protein 
(amino acids), the most important type of glyconeogenesis, is 
diminished quantitativ ely in hydrazine intoxication (1). More- 
over, the occurrence of lipemia in hydrazine poisoning (41) 
indicates a derangement in the normal metabolism of fat. 
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The series of reactions which are suggested to occur in hydrazine 
poisoning is somewhat as follows. Hydrazine injures the hepatic 
cells and induces conditions under which the transformation of 
non-carbohydrate materials into glucose and glycogen (gly- 
coneogenesis), as well as the synthesis of glycogen from glucose and 
related substances, does not occur normally. Under these condi- 
tions the glycogen store of the liver, which is constantly depleted 
by glycogenolysis, cannot be maintained from the fat and protein 
stores of the organism and its amount is greatly diminished. A 
large amount of fat is mobilized from the storage depots and enters 
the liver cells, producing the lipemia and fatty infiltration of the 
liver commonly observed in hydrazine poisoning. As a result of 
hepatic injury, the normal deamination of amino acids does not 
occur and hyper amino acidemia results with the consequent 
failure of glyconeogenesis. Under these conditions, the fat and 
protein metabolism being disturbed, the organism utilizes chiefly 
-arbohydrate, and this change in the character of the metabolism 
manifests itself in the increased respiratory quotient. The 
increase in the consumption of carbohydrate together with the 
limited supply of carbohydrate available as a result of diminished 
glyconeogenesis eventually produces the hypoglycemia charac- 
teristic of hydrazine poisoning. 


SUMMARY. 


1. Glycogen synthesis did not take place in the liver of hy- 
drazinized rabbits, despite the marked hyperglycemia which 
followed the injection of glucose. This derangement of the 
glycogenetic function of the liver is considered to be the cause of 
the decreased glucose tolerance of rabbits poisoned with hydrazine. 

2. The administration of sodium lactate to rabbits was found 
to induce a development of hyperglycemia and an accumulation of 
glycogen in the liver. The hyperglycemia produced by sodium 
lactate was intensified in its magnitude and duration by the 
previous injection of hydrazine, while the synthesis of the liver 
glycogen from sodium lactate was markedly diminished under 
these conditions. 

3. Convulsions and other symptoms similar to those following 
hepatectomy were often observed in the rabbit during hydrazine 
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poisoning. In some cases the convulsions were immediately 
alleviated by the injection of glucose. 

4. The mechanism of the hypoglycemia produced by hydrazine 
is discussed. It is suggested that the primary cause is failure of 
normal glyconeogenesis, the transformation of non-carbohydrate 
materials to glucose, as a result of which the supply of glucose 
available is diminished because of the hepatic injury produced 
by hydrazine. 
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SOME OBSERVATIONS BEARING ON THE ROLE OF 
ACETALDEHYDE IN ANIMAL METABOLISM. 


By A. P. BRIGGS. 


(From the Department of Internal Medicine, St. Louis University School of 
Medicine, St. Louis.*) 


(Received for publication, September 29, 1926.) 


In his recent review on the intermediary metabolism of the car- 
bohydrates, Shaffer (1) has discussed certain evidence which has 
been interpreted to indicate that glucose metabolism in the animal 
body follows much the same course as in yeast fermentations. 
Some of the evidence given special prominence includes the work 
of Neuberg (2) who showed the importance of pyruvic acid and 
acetaldehyde in the fermentation of glucose by yeasts, the finding 
by Stepp and Feulgen (3, 4) of traces of acetaldehyde constantly 
present in normal and pathological urines, and the studies of 
Friedmann (5) and of Embden and Oppenheimer (6) which indi- 
cate that acetaldehyde and pyruvic acid have a common fate in 
the;surviving liver. 

In view of these findings and on account of the volatile nature 
of acetaldehyde, it seemed of interest to study the excretion in 
expired air, as well as in urine, of acetaldehyde under normal and 
certain experimental conditions, especially after administration 
of acetaldehyde, ethyl alcohol, and pyruvic acid. Since the 
question of acetoacetic acid formation from acetaldehyde is in- 
volved, an examination for this substance was also made. 


I. Excretion of Acetaldehyde Injected into Peritoneal Cavity. 


Measured amounts of acetaldehyde solutions in normal saline 
were slowly injected into the peritoneal cavity of rabbits. No 


*The work on acetaldehyde excreted in normal and diabetic urines 
was done for the most part in the Department of Biological Chemistry of 
Washington University at the suggestion of Prof. Philip A. Shaffer. 
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anesthetic was necessary. Expired air was collected during the 


injection and for 2 hours following by means of a device made | 
from a large tin can, one end of which contained inlet! and outlet | 
tubes for a current of air, and the other end replaced by a per- | 


forated rubber membrane which was slipped over the head of the 
rabbit. Expired air was carried away by suction and passed 
through two large aeration tubes containing potassium bisulfite 
solution. Sulfite bound by acetaldehyde was determined iodo- 
metrically as in the Clausen lactic acid method (7). Urine 
was collected if passed during an experiment in a pan underneath 
the animal board. At the end of an experiment the animal was 
placed in a cage on a wire grating over a collecting basin into 
which the bladder was promptly emptied in several of the experi- 
ments. If the bladder was not voluntarily emptied within a few 
minutes, urination was induced by external pressure over the 
bladder. For the determination of acetaldehyde the acidified 
urines were aerated in tall cylinders, and the acetaldehyde col- 
lected in bisulfite and titrated iodometrically as above. 

With the question of acetoacetic acid formation in mind the 
urines after aeration were transferred to a distilling flask, diluted 
to a volume of about 100 cc., and from this 25 cc. were distilled 
into 20 cc. of 0.02 Nn KHSO;. The sulfite bound was titrated in 
the usual manner. This quantity was always small and probably 
due to a residue of acetaldehyde in the aerated urines, since what- 
ever it was due to was subsequently destroyed by peroxide in the 
procedure used by Clausen (7) to differentiate between acetone 
and acetaldehyde in the products of the first titration. No 
evidence was observed therefore of acetoacetic acid formation. 

The question of acetaldehyde elimination has been studied by 
at least two previous workers. Albertoni (8) found a large 
percentage of acetaldehyde administered to dogs eliminated in 
expired air and urine, and remarked on the ease with which s0 
unstable a substance as acetaldehyde is able to pass through the 
organism unchanged. Reizenstein (9) in similar experiments 
found a smaller percentage eliminated in urine and only doubtful 
traces in expired air. 

The first five experiments in the accompanying table indicate 


1 The inlet tube communicated with outside air. 
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that acetaldehyde is hardly an inert substance but that small 
amounts do always escape and that more is eliminated in expired 


air than in urine. 


II. Excretion of Acetaldehyde Following Administration of 
Pyruvic Acid. 


Quantities of pyruvic acid*® varying from 3 to 7 gm., dissolved 
in 150 cc. of water and made alkaline to methyl red with sodium 


TABLE I. 
Excretion of Acetaldehyde Following Administration of Acetaldehyde, 
Pyruvic Acid, and Ethyl Alcohol. 








a Acet- 
“ment Subject. Substance administered. e Ped = by nnd ~~ 
“1% wine. 
mg. mg 
1 | Rabbit. | Acetaldehyde, 600 mg.| Intraperitoneal. | 1.4 | 0.41 
2 Vs si 100 “ - 0.2 | Nil. 
3 ” . 300 “ si 0.3 | 0.10 
4 - % 1600 “ 5 4.5 | 1.52 
5 - - 2500 “ . 8.7 | 3.3 
6 - Pyruvic acid, 3 gm. 96 Nil. | Nil. 
7 “ “ “ 6 “cc “ “ “ 
8 “ “ “ 4 “ce “ “ “ 
9 “ “ “ 7 “cc “ “ “ 
10 - Ethyl alcohol, 6 gm. “ 0.14 | 0.04 
11 - ™ a = 0.25 | 0.13 
12 . y* . 0.31 | 0.19 
13 |AP.B. | “ «“ 25 “ | Oral. 0.10 | 0.03 
14 - " - 50 “ - 0.36 | 0.19 




















hydroxide, were injected slowly over an interval of about an hour 
into the peritoneal cavity of rabbits.* Expired air and urine were 
collected during the injection and for 2 hours following, and 
examined for acetaldehyde as described in the preceding section. 


* Freshly prepared by Mr. Milton Levy of the Department of Biological 
Chemistry. 

’ These animals at the close of the experiment were very much intoxicated 
in contrast to those after the acetaldehyde injections. In three of the ex- 
periments reported the animals were dead the following morning. Autopsy 
examinations were not performed. 
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As indicated in Table I no acetaldehyde was found to be elimi- 
nated during this interval. That pyruvic acid was well absorbed 
is certain from the fact that a considerable amount of unchanged 
pyruvic acid was found in the urine in each experiment after 
aeration.‘ 

Since pyruvic acid has been assumed to be the precursor of 
acetaldehyde in animal metabolism as well as in yeast fermentation, 
it might be expected that traces of acetaldehyde should have 
escaped in these experiments, as in the experiments where small 
amounts of acetaldehyde were administered. Although none 
was found, it is conceivable that acetaldehyde as it is formed in 
metabolism, nascent so to speak, is very rapidly converted to 
acetic acid or some other metabolite. This point is of special 
interest in connection with the experiments on alcohol administra- 
tion in the following section. 


III. Excretion of Acetaldehyde Following Administration of 
Ethyl Alcohol. 


In Experiments 10, 11, and 12 ethyl alcohol was slowly injected 
with 150 cc. of water into the peritoneal cavity of rabbits. Expired 
air and urine were collected and examined for acetaldehyde as in 
the two previous sections. In Experiments 13 and 14, on subject 
A. P. B., the alcohol was taken by mouth with 300 cc. of water. 
Collection of expired air in these last two experiments was ac- 
complished by fitting a mouthpiece in the perforated rubber 
membrane of the respiration apparatus. A rubber balloon was 
also connected in the circuit leading to the absorption tubes in 
order that expirations of larger volumes might be temporarily 
accommo dated. 

Small amounts of acetaldehyde as shown in Table I were 
always found in both expired air and urine in each of the alcohol 
experiments. That these quantities were well outside the limits 
of titration is evident when one considers that 0.1 mg. of acetal- 
dehyde is equivalent to about 5.0 cc. of 0.001 N iodine. 

The excretion of definite quantities of acetaldehyde where it 
does occur as a metabolite lends additional significance to the 


*Pyruvic acid was tested for with nitroprusside as for acetoacetic 
acid; a blue color which on standing changed to violet was obtained. The 
urines obtained after injection of acetaldehyde failed to give this test. 
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ne gative results obtained after the administration of pyruvic acid. 
It would also make it seem more likely that acetaldehyde should 
be constantly excreted in detectable amounts by the lungs as well 
as the kidneys if it were one of the chief intermediates in carbo- 
hydrate metabolism. 

The urines of the alcohol experiments on rabbits were also 
examined for acetoacetic acid as follows:' After aeration they were 
transferred to a distilling flask and diluted to a volume of about 
100 ce. From this 25 cc. were distilled into a flask containing 20 
ec. of 0.05 n AgNO;. To this were added 9 cc. of 0.1 N NaOH 
and 15 ec. of 0.1 N NH,OH. The flask was then stoppered and 
set away in the dark for 24 hours. At the end of this time it was 
acidified with sulfuric acid, diluted to 100 cc., and from this 25 
ec. were distilled into 20 cc. of 0.02 N KHSO; solution. The sub- 
sequent titrations for acetone-bound sulfite were in each case zero. 

The urines of the alcohol experiments on man were handled 
slightly differently as follows: The urines when passed were col- 
lected in a distilling flask, acidified, and one-tenth of the volume 
immediately distilled into 20 cc. of 0.02 n KHSO;. The sulfite 
bound was titrated as usual. The products of titration were then 
transferred to a distilling flask, an excess of CaCO; added, and 25 
ec. of distillate collected in a flask containing 20 cc. of 0.05 N 
AgNO;. This was made ammoniacal and examined for acetone 
as in the rabbit urines above. These urines also gave negative 
results for acetone. As in the urines of the acetaldehyde experi- 
ments, acetaldehyde was excreted but no evidence of acetaldehyde 
condensation as observed by Friedmann (5) in the perfused liver 
was found. 


IV. Normal Excretion of Acetaldehyde. 


By means of a technique substantially the equivalent of that 
described by Fricke (10) a volatile substance which reduces am- 


5 Ammoniacal silver was used to destroy acetaldehyde not removed by 
aeration rather than peroxide because blank experiments showed that when 
a mixture of alcohol and acetaldehyde, such as might be expected in these 
distillates, was treated with sodium peroxide that aldehyde was formed 
from the alcohol as fast as it was destroyed; z.e., the subsequent distillates 
contained as much or more sulfite-binding substance as the original mix- 
ture. Under the conditions described above the destruction of acetalde- 
hyde was found to be nearly complete and acetone only slightly attacked. 
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moniacal silver has been found in normal as well as in diabetic 
urines,® confirming to this extent the results of Stepp and Feulgen 
(3,4). From 4 liters of urine silver reductions equivalent to from 
| to 3 mg. of acetaldehyde have been observed. That this is 
chiefly not due to acetaldehyde however seems likely since it has 
not been possible to get a positive test for acetaidehyde with 
dimethylhydroresorcinol in the distillates of from 4 to 8 liters of 
urine from the same groups of individuals. The technique of 
Stepp and Feulgen (3) which was employed gives a voluminous 
precipitate with quantities of acetaldehyde as small as 1 mg. in a 
volume of 25 ce. Moreover, if such amounts of acetaldehyde 
were being excreted constantly in urine it should be possible to 
detect it in expired air, since in the first part of this paper it was 
observed that following the administration of acetaldehyde as 
well as after ethyl alcohol, greater quantities of acetaldehyde 
were found in expired air than in urine. This point has been 
tested over two 12 hour periods and one 24 hour period as follows: 
Expired air from the subject A. P. B. was led through sulfite 
solution as in the alcohol experiments. At the end of a 2 hour 
interval the sulfite solution was changed and another 2 hour col- 
lection made when convenient. In two tests, six of these 2 hour 
collections were united in a distilling flask, treated with excess 
CaCoO;, diluted to 300 cc., and from this 30 cc. were distilled into 
20 cc. of 0.02 Nn KHSO;. The distillate was examined for acetal- 
dehyde by the usual iodometric titration. In the other test 
twelve of the 2 hour periods were united and similarly tested for 
acetaldehyde. In each case the titrations’ indicated doubtful 
traces of acetaldehyde. 


SUMMARY AND CONCLUSIONS. 


The excretion of acetaldehyde in expired air and urine has been 
studied under normal conditions and after the administration of 
acetaldehyde, ethyl alcohol, and pyruvic acid. 


6 The quantities found in diabetic urines were of the same order as those 
found in normals. 

7A small amount of a sulfite-binding substance was found, but since it 
was only slightly destroyed by the usual peroxide treatment it was prob- 
ably acetone. 
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Although a questionable reducing substance was found present 
in normal as well as in diabetic urines, none was found in expired 


air. 
Following the intraperitoneal administrations of acetaldehyde 


to rabbits, it appears in appreciable amounts in both expired air 
and urine. 

Following the administration of ethyl alcohol acetaldehyde was 
likewise found in both expired air and urine, but none was found 
following the administration of pyruvic acid. 

These results furnish no evidence in favor of the view that 
acetaldehyde is an important intermediate in carbohydrate metab- 
olism of higher animals. 
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THE SPECIFIC DYNAMIC ACTION OF GELATIN 
HYDROLYSATES. 


By DAVID RAPPORT. 


(From the Department of Physiology, Western Reserve University Medical 
School, Cleveland.) 


(Received for publication, October 8, 1926.) 


INTRODUCTION. 


Lusk (1) has established the fact that the amino acids glycine 
and alanine have a powerful stimulating action on the metabolism, 
and evolved the theory that the specific dynamic action of pro- 
tein was due chiefly to these amino acids. Working in Professor 
Lusk’s laboratory, the writer (2) investigated the specific dynamic 
action of certain proteins of varying origin and of widely differing 
content of glycine and alanine. It was found, contrary to a 
priort considerations, that the heat-stimulating properties of 
these proteins were the same. The apparent contradiction of 
Lusk’s theory led to further work (3), with a view to the elucida- 
tion of this anomaly. The possibility existed that the specific 
dynamic action, for example, of casein, which contains no gly- 
cine, might be due to the synthesis of the latter substance when 
casein was ingested. Increasing the quantity of ingested glycine 
increases the heat production proportionately, as was shown by 
Lusk (4). If, when casein was ingested, glycine were synthesized, 
the ingestion of glycine together with casein might be expected 
to result in a summation of specific dynamic action. It was 
found, however, that no summation occurred. This was not due 
to suppression of the glycine synthesis, for Csonka (5) has shown 
that in the pig there is less glycine eliminated after the adminis- 
tration of casein than following theingestion of gelatin. Moreover, 
this lack of summation was also evident when gelatin and glycine, 
or gelatin and alanine, were given together, in spite of the fact 
that gelatin, in the quantity administered, contained 26 per cent 
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glycine and 4 per cent alanine. From these and other considera- 
tions, it was concluded that there existed a difference between 
the metabolism of proteins and of individual amino acids. The 
present research was instituted in order to see whether a similar 
difference existed between the individual amino acid—in this 
case glycine—and the in vitro hydrolysates of a protein. The 
results obtained indicate that the in vitro hydrolysates behave, in 
respect to their stimulating effect upon oxidations, like their 
parent protein, and not like their constituent amino acids. 


Method. 


The apparatus used was essentially that described by Benedict 
and Homans (6). The system was a closed one, and the air 
was circulated by means of a rotary blower. CO: was absorbed 
by soda lime and water by sulfuric acid. Oxygen was admitted 
from a tank, which was weighed before and after the experimental 
period. The animal chamber was kept at a temperature of 
about 25° by a water bath, and the variations in the temperature 
of the outgoing air rarely varied by more than 0.1°. All the move- 
ments of the animal within the chamber were recorded by changes 
of the pressure in a series of rubber tubes covered by a cloth, 
upon which the animal lay, these pressure changes being trans- 
mitted to a tambour and so to a kymograph. Any experimental 
period during which an appreciable amount of movement occurred 
was discarded. The experiments were usually carried out through 
the 5th hour after the administration of the food to be tested. 

The capacity of the animal chamber was about 40 liters, and 
the ventilation was approximately 35 liters per minute. This 
ventilation was sufficient so that the changes in the residual air 
of the box were quite small. In the case of water vapor, they did 
not exceed a maximum of 0.1 gm. per hour, which would, if 
neglected, have entailed an error of about 1.5 per cent; while the 
changes in the CO. content of the box were even less—never more 
than 0.05 gm. and usually 0.01 to 0.02 gm. Nevertheless, it 
was thought advisable to sample the residual air and to make the 
necessary corrections. As in all such systems, the errors fell 
almost entirely on the oxygen, for this was determined by weigh- 
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ing the amount of oxygen required in an experimental period to 
keep the volume constant, after correcting for the CO, and water 
in the residual air and for changes in temperature and barometric 
pressure. The apparatus, as shown by alcohol checks, to which 
reference will be made later, was accurate to 1.9 per cent. 

The experiments were carried out on a single animal, main- 
tained on a constant diet consisting of 75 gm. of cracker meal, 
75 gm. of beef heart, 15 gm. of lard, and 5 gm. of bone ash. On 
this diet the animal maintained a fairly constant weight of about 
6.5 kilos. In order to make the gelatin administered in certain 
experiments more palatable, 2 gm. of Liebig’s extract were added. 
Lusk has shown that its specific dynamic action is neglible. How- 
ever, to be consistent, it was added to the hydrolysates as well, 


Preparation of the Hydrolysates. 


The protein used was gelatin, and both an acid and a trypsin 
hydrolysate were made. The acid hydrolysate was prepared by 
boiling 250 gm. of gelatin with 300 gm. of H.SO, and 650 cc. of 
water until the biuret reaction could no longer be obtained— 
usually 48 to 60 hours. At first neutralization was attempted 
with Ba(OH)s, but it was found difficult to remove the barium 
salts of the amino acids. This resulted in a sufficiently toxic 
action so that the animal was prone to vomit, or at least was 
restless and uncomfortable. It was found that neutralization 
by Ca(OH)2 obviated this difficulty. The reaction of the final 
product was faintly acid to litmus. As a rule the animal could 
be persuaded to lap up the mixture, but occasionally it was neces- 
sary to resort to the stomach tube. 

The trypsin hydrolysate was prepared by treating 150 gm. of 
gelatin with 15 gm. of trypsin (Difco) in 3 liters of 0.5 per cent 
NazCO; and letting the mixture stand at 37° under toluene for 
10 days, at the end of which time 6 gm. more of trypsin were 
added, and the hydrolysis allowed to go on for 5 days longer. 
Frankel (7) has found that under these conditions between 58 
to 67 per cent of a protein is carried beyond the peptide form. 
The trypsin hydrolysate in the present experiments always gave 
the biuret reaction. 
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Methods of Calculation. 


The methods of calculation were the same as those discussed 
in the papers by Rapport (2) and by Weiss and Rapport (3). 
Glycine was calculated on the basis of the assumed actual metabo- 
lism of this amino acid when given alone, derived from Csonka’s 
(8) figures on the rapidity of the sugar excretion following the 
ingestion of glycine in phlorhizin diabetes. When glycine was 
given together with a protein hydrolysate, the usual calculations 
based on the N excretion during the period of the experiment 
were made, involving, as has been shown (3), an inappreciable 
error. 

















TABLE I. 
Basal Metabolism. 
Date. | Experiment No. R.Q. Calories per hr. 

WN BR onc cacy ce sis | 1 0.83 13.97 
We WE coscuabpeseans 6 0.81 13.70 
Be Wisiccciuieiass | 11 0.81 | 13.38 
Ps Sc awa nan 13 0.86 13.62 
EEE ee ee ee ree 0.83 | 13.67 

EXPERIMENTAL. 


A. Basal Metabolism. 


Lusk and DuBois (9) have shown the constancy of the basal 
metabolism in a series of eleven dogs. The basal heat production 
of the dog used in the present experiments was determined on 
four occasions during the duration of the experiments (Table I). 
The average metabolism was 13.67 calories with a maximum 
variation from this mean of +0.3 calories and —0.29 calories or 
+2.2 per cent. The constancy of the basal heat production 
may, therefore, fairly be said to be almost within the limits of error 
of the apparatus. The maximum deviation (from 13.38 to 13.97) 
involved an error of 4.3 per cent. 

The phenomenon of an initial decrease in metabolism due to 
cage life, which was pointed out by Lusk (4), was observed also 
in this animal, the heat production dropping about 20 per cent 
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during the first 5 weeks of the dog’s stay in the laboratory, in 
spite of an actual gain in weight amounting to 0.4 kilos. 
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calories (or 43.6 per cent increase over the basal) and 18.48 calories 
(or 35.2 per cent increase) respectively. The average increase in 
metabolism was 39.4 per cent. . 





R.Q. 0.84 0.83 0.87 0.85 0.85 0.83 
CALORIES 13.67 79.06 /9./0 18.89 12.98 20/3 
% INCREASE 324 32.8 38,2 46.2 47-3 
OVER BASAL 

——_ } 
———— 








Ad 
BASAL GELATIN ACID GELATIN TRYPSIN GELATIN 
GGN.N] ~HYDRO- QSGMN] HYDRO- L256MN] 
LYSATE "2 LYSATE AND 


BoMN) 2Se>- ECMN] TRYPSIN 


LYSATE H¥DRO- 
DEGM.N LYSATE 
¢ y (2.56M.N] 


CROSS HATCHINGS REPRESENT PROTFIN CALORIES 


CuartI. Ingestion of gelatin with its hydrolysates. 


The rise in metabolism following the ingestion of the acid 
hydrolysate of gelatin, also containing 5 gm. of N, was almost 
identical, amounting to 40.5, 41.6, and 37.2 per cent, respectively, 
in three experiments, the average increase being 39.8 per cent 
(Table II, Chart I). 
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When half portions of each of these foodstuffs were adminis- 
tered together, there resulted an increase in metabolism, in two 
experiments, of 36.3 and 40.1 per cent, showing an average eleva- 
tion of 38.2 per cent. 

There was thus a complete summation of the effects of the two 
substances. 


C. Ingestion of Gelatin with Its Trypsin Hydrolysate. 


After an amount of the trypsin hydrolysate containing 5 gm. 
of N was ingested, the metabolism rose, on two occasions, to 45.4 
and 47.0 per cent above the basal level, the average increase being 
46.2 per cent. When half portions of gelatin and trypsin hydro- 
lysate were given together, there was again a complete summa- 
tion, for the metabolism rose, in one case to 45.9 per cent, in 
another to 48.6 per cent above the basal, an average of 47.3 per 
cent. The trypsin hydrolysate appeared to offer a slightly 
greater stimulus to metabolism than either the gelatin or the acid 
hydrolysate. The difference was small, but consistent. 

It is clear, therefore, that when a protein is administered with the 
products of its in vitro digestion, the specific dynamic action of the 
two is summated. This is true whether the hydrolysis is carried to 
completion, as in the case of the acid hydrolysate, or is only partially 
complete, as in the instance of hydrolysis by trypsin. In this respect, 
the hydrolysates behave like the protein itself, for, as was shown 
by Williams, Riche, and Lusk (10) and confirmed by the writer 
(2), the specific dynamic action of a protein increases as the 
amount metabolized increases. Had the hydrolysates acted in 
a manner similar to that of their contained glycine and alanine, 
their specific dynamic action, as was shown by Weiss and Rap- 
port (3), would not have been summated. 


D. Ingestion of the Hydrolysates with Glycine. 


The specific dynamic action of 10 gm. of glycine was tested in 
one experiment, and the increase over the basal amounted to 
27.7 per cent through the 5th hour after administration. This 
is comparable with the rise obtained after the same amount of 
glycine in a larger dog (4, 3). 

The acid hydrolysate had increased the metabolism 39.8 per 
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cent. When the same quantity was given with 10 gm. of glycine, 
the resulting rise in the heat production was 38.2 (Table III, 
Chart II). There was a complete absence of summation. 

For some reason, the dog retained a mixture of glycine and the 
trypsin hydrolysate with difficulty. The experiment was at- 














TABLE III. 
Administration of Glycine with the Hydrolysates of Gelatin. 

Average per hour of 4 hour period. ' 
I 
Exper- Uri- | | Cal In- f 
Food, iment Date. nary | CO: ; O2 | R.Q. ~ ag wry ; 

No. N. ” eee. 

gm, gm. | gm, = 


Mar. 29 |0.382} 6.29]/5.24| 0.87|17.46 |27.7 


~I 


Glycine (10 gm.)........ 
H.SO, hydrolysate. (Av- 
erage of 3. experi- 
ee 0.462) 7.03)5.85} 0.87|19.10 |39.8 
Glycine (10 gm.) (by 
mouth) and H,SO, 
hydrolysate (6gm.N).{| 8 | Mar. 30 {0.596} 7.37/5.91] 0.91/18.89 |38.2 
Glycine (10 gm.) (intra- 
venously) and H,SO, 





hydrolysate (5 gm.N).| 17 | May 7 |0.436} 6.88/5.62) 0.89/18.38 |34.5 
Trypsin hydrolysate. 

(Average of 2 experi- 

CUE c 5. ackeewne wees ). 569) 7.34/6.25} 0.85)19.98 |46.2 


Glycine (10 gm.) and 
trypsin hydrolysate (5 
12 | Apr. 14 |0.612) 8.07/6. 66) 0.88/21. 42*|56.7* 
Glycine (10 gm.), gelatin 
(2.5gm. N), and trypsin 
hydrolysate (2.5 gm. 
N) 16 | Apr. 28 |0.524| 7.80/6.35) 0. 89/20.65 [51.1 





























* 3 hour experiment. See text. 


tempted four times. On three occasions, it vomited during the 
Ist or 2nd hour of the experimental period. On the fourth oc- 
casion, it retained the food over 4 hours (through the 3rd hour of 
the experimental period) but finally vomited during the last hour. 
The first 3 hours of this experiment were calculated, as the re- 
cording apparatus showed no unusual evidence of movement. 
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The average of these hours showed an increased metabolism of 
56.7 per cent, as compared with 46.2 per cent when the trypsin 
hydrolysate alone was administered. The metabolism was drop- 


R. Qa. 0.87 0.87 0.97 0.89 0.85 0.88 0.89 
CALORIES 13.67 1746 19.10 18.89 /8.38 19.98 2142" 20.65 
% INCREASE 2rT 328 38.2 345 46.2 56.7" Sil 
CWER BASAL 
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GOGH] HYDRO- HYDRO- HYDRO- HYDRO- HYDRO- [(2.56M.N] 
LYSATE LYSATE LYSATE fen TE pens TRYPSIN 
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* SEF TEXT 
CROSS HATCHINGS REPRESENT PROTEIN CALORIES 


Cuart II. Administration of glycine with the hydrolysates of gelatin. 
ping rapidly by the 3rd hour, and experience leads one to the 


belief that during the last hour, if the animal had remained quiet, 
the heat production under these conditions would have been, if 
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anything, less than that of the 3rd hour. Assuming it to have 
been the same, the average of the 4 hours would have shown an 
increase in metabolism of 53.4 per cent, or very little more than 
that following the ingestion of the hydrolysate alone. 

The inexplicable evidence of irritation as a result of feeding the 
mixture makes it seem plausible that in spite of the lack of move- 
ment, the animal was alert and uncomfortable, and it is probable 
that the slightly increased metabolism was due to this cause (see 
(2) p. 507). In any case, there is certainly no indication of com- 
plete summation, and it is concluded that the trypsin hydrolysate 
showed an absence of summation with glycine similar to that 
seen when the amino acid was given with the acid hydrolysate. 


E. Ingestion of Gelatin, Trypsin Hydrolysate, and Glycine. 


When half portions of gelatin and trypsin hydrolysate, which 
together had caused a rise in metabolism of 47.3 per cent, were 
given together with 10 gm. of glycine, the resulting increase was 
only 51.1 per cent (Table III). The difference between these 
two results was within the limits of error. The mixture of gelatin 
and its hydrolysate, like either of these two substances alone, neutral- 
ized the stimulating action of glycine. 


F. Administration of Acid Hydrolysate by Mouth and Glycine 
Intravenously. 


In the experiments reported by Weiss and Rapport (3), the 
question arose as to whether the observed effects might not be due 
to a change in the rate of absorption from the alimentary canal. 
It was found in those experiments that the method of adminis- 
tering glycine, whether by mouth, subcutaneously, or intra- 
venously, did not affect its specific dynamic action, and that, 
moreover, its lack of summation with a protein was as evident 
after parenteral injection as after ingestion by mouth. The same 
was found to be the case as regards the absence of summation 
with the acid hydrolysate. When the latter and glycine were 
given together by mouth, the increase in heat production was 
38.2 per cent; when the glycine was injected intravenously im- 
mediately following the ingestion of the acid hydrolysate, the 
resulting rise in metabolism was 34.5 per cent (Table III). In 
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both cases there was no evidence whatever of summation of 
effect. We are justified, therefore, in saying that, whatever may be 
the factors that annul the specific dynamic action of an amino acid 
when it is given with a protein hydrolysate, they are capable of act- 
ing outside of the gastrointestinal tract. 

Nitrogen Elimination.—As in the experiments of Weiss and 
Rapport, the nitrogen elimination bore no constant or significant 
relation to the height of the metabolism, and hence throws no 
light upon the phenomena reported. The possible reasons for 
this have been sufficiently discussed in the paper referred to. 
(The N elimination data are given in Tables II and III.) 














TABLE IV. 
Alcohol Checks. 

Date. Experiment No. Calories. R.Q. 

BUN i s-xiakadawceees 3 12.00 0. 667 
BS eke kesendead 4 15. 46 : 0.673 
- ee ene 5 17.51 0.676 
Sere 6 13.32 0.680 
eo he eee ne Bari  arig te 14. 57 0.673 











Mean error = 0.9 per cent. 
Maximum error = 1.9 “ - 


G. Alcohol Checks. 


The validity of the data presented in this paper is attested 
by the results of the alcohol checks presented in Table IV. 


SUMMARY. 


1. When gelatin together with either its acid or its trypsin 
hydrolysate is administered to a dog, the specific dynamic action 
of the two substances is summated. 

2. When either of these hydrolysates is given to the animal 
together with glycine, the specific dynamic action of the latter is 
neutralized, just as when the protein itself is administered with 
glycine. 

3. That this neutralization of the stimulating action of glycine 
can occur outside of the gastrointestinal tract is shown by the 
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fact that it occurs when the glycine is injected intravenously 
immediately after the taking of the hydrolysate by mouth. 

4. When gelatin, the trypsin hydrolysate, and glycine are in- 
gested together, there is summation of the specific dynamic ac- 
tion of the protein and the hydrolysate and at the same time an 
inhibition of the stimulatory action of the glycine. 

5. The evidence indicates that when a protein is hydrolyzed 
in vitro, the properties that cause its peculiar specific dynamic 
action remain those of the protein itself and are to be differen- 
tiated from the heat-stimulating properties of its constituent 
amino acids. 

6. As in the case of the intestinal digestion products of a pro- 
tein, the in vitro hydrolysates yield substances that are capable 
of neutralizing the specific dynamic effect of glycine, but do not 
neutralize the glycine contained in the protein itself. 

It remains to investigate the nature of these substances, a pre- 


liminary to which would be the isolation, if possible, of the partic- | 


ular fraction or fractions of the protein digestion products in 
which they lie. Such an investigation is being undertaken. 
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A STUDY OF THE DISTRIBUTION OF THE DIFFUSIBLE 
AND NON-DIFFUSIBLE CALCIUM IN THE BLOOD 
SERA OF NORMAL ANIMALS. 
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GUY W. CLARK. 
(From the California Stomatological Research Group and the Division of 
Biochemistry and Pharmacology, University of California, Berkeley.) 


(Received for publication, June 25, 1926.) 


Within the last few years the literature on the state of calcium 
in blood serum has been reviewed by a number of authors (1-3). 
It seems inexpedient, therefore, to undertake an exhaustive survey 
of the literature at this time, but we will summarize in a few 
paragraphs the present status of the problem in so far as it is 
pertinent to this investigation. Since the pioneer experiments of 
Rona and Takahashi (4) in 1911 the results of both compensation 
dialysis and ultrafiltration experiments on the sera of a consider- 
able number of normal mammals including man have shown from 
55 to 75 per cent of the calcium to be diffusible! Assuming that 
the cerebrospinal fluid is a true protein-free filtrate of blood 
plasma, the figures obtained by analysis of this fluid indicate a 
percentage of diffusible calcium that is lower than the above, 
namely 45 to 55 per cent. The question thus arises whether the 
cerebrospinal fluid can justly be regarded as a protein-free filtrate 
of blood plasma. It can hardly be said that this question has been 
satisfactorily answered. This then leaves in a highly doubtful 
state all deductions concerning diffusible serum calcium which 
have been drawn from analyses of cerebrospinal fluid. We will 
return to this point later. 

In animals with tetany due to parathyroid deficiency it is well 
known that the total serum calcium is decreased, but which 


1 We have adopted the terms diffusible and non-diffusible, proposed by 
Cameron and Moorhouse, as those least likely to be misleading. 
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fraction it is that is diminished, the diffusible or non-diffusible, is 
a matter of dispute. Until quite recently, with no real experi- 
mental basis, the general opinion has been that the diffusible 
calcium is decreased. However, von Meysenbug and McCana 


(5) and Moritz (6) found that both diffusible and non-diffusible | 


calcium were reduced in about the same ratio. Onthe other hand, 
Cruickshank (7) and also Cameron and Moorhouse (2) came to the 
conclusion that the non-diffusible calcium practically disappeared 
from the blood serum while the diffusible calcium was but little 
reduced. 

Closely associated with the problem of the state of the serum 
calcium are the following questions. With what is the non-diffusi- 
ble calcium of the blood combined? Is there a non-ionic form of 


ee 


calcium present in the blood that is diffusible? Is the diffusible | 


calcium in equilibrium with the non-diffusible and, if so, what is 
the nature of the equilibrium? Rona and Takahashi (4, 8), in 
1911 and 1913, suggested that the non-diffusible calcium was 
bound to the proteins of the serum and this was tacitly accepted 
by all later investigators until the publication by Cameron and 
Moorhouse (2), in 1925, of their paper ‘“Tetany of Parathyroid 
Deficiency.” In this paper Cameron and Moorhouse rejected 
the above hypothesis and proposed instead that the non-diffusible 
calcium is bound to some organic substance which may be the 
parathyroid hormone or, if not, is regulated by the parathyroid 
hormone. We shall later have occasion to point out that some 
of the reasoning used by Cameron and Moorhouse to show that the 
non-diffusible calcium is not combined with the serum proteins 
is open to question and also we shall bring forward some evidence 
in support of the view that the non-diffusible calcium is in combina- 
tion with the serum proteins, although it should be clearly under- 
stood that the evidence presented is indirect. As an alternative 
idea Greenwald (9) has proposed that some of the calcium is 
bound to an organic substance in a citrate-like combination, the 
compound being intimately connected with the parathyroid hor- 
mone and probably diffusible. 

The question whether the diffusible calcium is in equilibrium 
with the non-diffusible portion has not, heretofore, been experi- 
mentally investigated. Nevertheless, with no experimental 
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evidence for or against such an equilibrium, many investigators 
have assumed that one exists. Thus Cruickshank? says: 


“The separation by filtration of the diffusible salts of the blood serum 
can be effected by subjecting the filter to a pressure of 150 mm. of Hg 
. . but to determine accurately the amounts of a salt in ionic and 
colloidal form, it is essential not to alter the balance between them by re- 
moval from the solvent of the diffusible salt. According to the law of mass 
action the removal of the ionic calcium would result in a further breakdown 
of calcium in combination in order to restore the normal balance.” 


This quotation, we believe, represents the opinion of most 
investigators in this field. We shall give experimental] evidence 
to show that this is not true and that, if an equilibrium exists at 
all, the non-diffusible calcium is in equilibrium with only a small 
fraction of the amount of diffusible calcium that is present in 
blood serum. These points we will consider in greater detail 
after we have described our experimental methods and discussed 
the data presented. 


Methods and Experimental Procedure. 


The experiments include the determination of the diffusible and 
non-diffusible serum calcium of a number of young men and 
women, medical students for the most part, and two determina- 
tions each on dogs, rabbits, and calves. The method used is 
based upon that reported by Moritz (3). Moritz considered his 
method an ultrafiltration and described it as such. However, as 
applied to his particular technique, this term cannot be correct. 
In his earlier experiments Moritz placed 5 cc. of distilled water in 
contact with the dialyzing sac containing 2 cc. of serum and in his 
later experiments placed 3 cc. of water outside. In doing this 
Moritz changed his method from an ultrafiltration, which it is 
when there is no liquid in contact with the outside of the sac, 
to a membrane distribution method. It is true that, since the 
liquid inside the sac is subjected to 150 mm. higher pressure than 
the liquid outside, there is a passage of liquid to the outside. This 
liquid probably represents an ultrafiltrate of the blood serum, but 
in addition to this, there is also a diffusion of the diffusible con- 


* Cruickshank (7), p. 17. 
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stituents of the serum to the outside until sufficient time has | 
elapsed for equilibrium to be established between the two sides. 
Due probably to the mistaken idea of the nature of his method all | 
the results given by Moritz contain an error. The figures given 
by him for the diffusible calcium are not the diffusible calcium but 
the diffused calcium and, to obtain the diffusible calcium, a cor- | 
rection must be added for the amount of diffusible calcium that is 
still present in the sac at the end of the experiment. To make this 
correction it is necessary to know the volume of liquid inside the 
sac at the end of the experiment, but, since Moritz evidently did 
not measure this, the amount of correction to be added remains in 
doubt. As they stand, Moritz’ diffusible calcium figures are too 
low and his non-diffusible figures too high. Guided by our 
experience, we thought it probable that about 1 cc. of filtrate 
passed from the inside to the outside in the course of an experi- 
ment. Making this assumption, we have recalculated his figures 
for normal rabbits so that they may be compared with the figures 
we have obtained (Table I). These are tabulated in Table II and 
are directly comparable to our results in Table I. These recalcu- 
lated values are in substantial agreement with the two experi- 
ments on rabbits carried out by us. Also, since in one set of 
experiments there were 5 cc. of water outside and in the other only 
3 ec., the magnitude of the correction is quite different in the two 
sets. The good agreement between the recalculated data for the 
two sets of experiments supports the idea that our applied cor- 
rections are nearly correct. It should be pointed out that the 
error in calculation does not affect the deductions drawn by Moritz 
concerning the effect on the diffusible and non-diffusible calcium 
of the blood serum of irradiation, frequent bleeding, ether anes- 
thesia, parathyroidectomy, and injection of parathyroid extract, 
since the relative relationship of his results remains unchanged. 
Preparation of Membranes.—The parlodion solution employed 
was the same as that described by Moritz (3) though the tubes 
used for casting and the method of preparing the membranes 
differed considerably from his. Pyrex glass tubes 7 cm. long, 
having an inside diameter of 14 mm. at the open end and about 9 
mm. at the closed end, were used. It is important that the closed 
end be well rounded and the glass well annealed and free from 
frosting, otherwise the membranes may be granulated and fragile 
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at this point. To obtain membranes of satisfactory permeabilit y 
and texture the temperature of the room should not be above 20°C. 
when they are made and the casting tubes must be scrupulously 
clean and dry. When making a membrane, a tube is filled to the 
top by letting a narrow stream of the membrane solution flow into 
the tube, taking care that no air bubbles collect along the sides. 











-—-C 























Fra. 1. 


The tube is then inverted on the neck of an Erlenmeyer flask and 
rotated rapidly in a slanting position until drops begin to fall 
quite slowly. The tube is then refilled, the operation repeated, 
then placed in a suitable rack, open end down, and allowed to 
dry for 10 minutes. Such a rack can readily be made by punching 
holes in a piece of cardboard and fastening it on a test-tube rack. 
After drying for 10 minutes the tube is plunged into cool distilled 
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water, the sac removed in the usual manner, and the top cut off | 
so that it is from 5.5 to 6 cm. long. After testing for leaks the |} 


sac is dried with filter paper and stored in physiological saline 


solution (containing a few drops of chloroform to prevent growth | 
of molds) in the refrigerator until required for use. A convenient | 


way to test for leaks is to fill the sac with water and push it ona 
No. 0 one hole rubber stopper in which a glass tube is inserted. 


After drying the outside of the sac with filter paper any minute 








Scale: O-270mm. 














leaks can be detected by blowing into the tube while holding the 
sac securely on the stopper. 

Ultrafiltration Procedure.—This differed in a number of respects 
from that employed by Moritz. Large centrifuge tubes of the 
type recommended by Clark (10) were used instead of small 15 
cc. tubes for the outside vessels. Also the glass tube connecting 
the parlodion sac with the outside air was connected by a rubber 
tube to a water wash bottle to keep the air saturated with water 
vapor and thus prevent evaporation (see Fig. 1). No attempt was 
made to control the pressure of CO, as it has been demonstrated 
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by von Meysenbug and coworkers (11) and by Neuhausen and 
Pincus (1) that the CO, tension is not an important factor in this 
connection.* A vacuum was applied to the outside of the sac by 
means of the apparatus shown in Fig. 2 and was obtained by the 
siphoning action of a 3} ft. fall of mercury through barometer 
tubing, the pressure being controlled by means of Screw Clamp A 
and the manometer in the circuit. All glass joints were connected 
by heavy pressure tubing and then shellacked. Four determina- 
tions can be run at one time and, if desired, any one can be shut 
off by the screw clamps, a, b, c, d, as shown in Fig. 2 while the rest 
are still running. It is important that the glass tube, 7’, Fig. 1, 
move freely in the rubber stopper, A, which fits into the pyrex 
glass jacket, J, without leaking air too rapidly. This is accom- 
plished by boring the hole in A a little small, then enlarging with a 
rat tail file to fit, paraffining the hole, and then rubbing out the 
paraffin with a glass rod. Moisture on Stopper A and Tube 7 
should be guarded against as this will cause Tube 7 to stick in 
Stopper A. 

To carry out a determination, a parlodion sac is taken from the 
storage jar (a blunt surgical forceps is convenient for this), 
carefully dried inside and out with filter paper, and placed in the 
bottom of a large centrifuge tube (Fig. 1). 3 cc. of serum are then 
introduced into the sac, drop by drop, keeping the tip of the pipette 
close to the level of the serum to prevent spattering. The last 
drop is expelled by breathing gently into the pipette. The sac 
is then picked up with the forceps and slowly worked on to the 
stopper, B (Fig. 1), care being taken to hold it in a vertical posi- 
tion during the process. When the sac fits snugly on Stopper B 
it is tied with a stout cotton thread, using a square knot. The 
filtration apparatus is then put together as shown in Fig. 1, 
placed in one of the holes of the rack illustrated in Fig. 2, and con- 
nected to the pressure apparatus at one of the connections a, b, 
c, ord. Before the negative pressure is started each sac should 
be out of contact with the outside liquid. 

To start the vacuum apparatus, the procedure is as follows. 


* A paper by L. Irving (12) has recently appeared, in which blood serum 
was found to be supersaturated with respect to calcium carbonate. It was 
likewise observed that wide variations in CO, tension had little effect upon 
the calcium carbonate equilibrium. 
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with a vacuum pump connected to 7 (Fig. 2). After this has 


been done the screw clamp at A is closed. Before all four filtra- | 


tion vessels are set up and connected to a, b, c, and d, Stop-cock B 
and Screw Clamps A and C should be closed (Screw Clamps D, 


The siphon is formed by exhausting the air in the receiving jar, K, | 














F, G, and H should be open) and the three-way stop-cock, E, | 
turned so that the manometer, M, is in the circuit. When the | 


glass jackets are all connected, Screw Clamp A is opened slightly 
to permit the building up of negative pressure by the flow of 
mercury from R to K. This should be done gradually to prevent 
sudden changes. When the desired pressure is reached as shown 
on the manometer scale, Screw Clamp A is closed. It was 
found that, with 20 pounds of mercury in the reservoir, R, a 
negative pressure of 150 mm. could be maintained for over 3 hours 


without refilling R. When the desired pressure is obtained, each | 
sac is gently lowered by means of Tube T' into the outside liquid | 


until the levels of the inside and outside liquids are the same, and 
the levels are kept so adjusted during the course of the experiment. 
When it is necessary to refill R with mercury, Screw Clamps A, F, 
and D are closed, the glass plug, P, is removed, and Screw ClampC 
isopened. The mercury from the receiving jar, K, is emptied and 
poured back into R through the separatory funnel, S. A small 
amount of mercury is left in S to form an additional seal and Stop- 
cock B is closed. Screw Clamp C is then closed and the piece of 
glass rod inserted at P. When the apparatus is set up properly 
the pressure in the system does not increase more than 5 or 
10 mm. while F is being refilled with mercury. 

At the end of the experiment the sacs are all raised so as to 
clear the outside liquid, the pressure then allowed to rise gradually 
to that of the atmosphere, and the glass jackets are then discon- 
nected. Stopper C (Fig. 1) is now removed, lifted out, and the 
sac washed off into the outside liquid with 3 cc. of water, saline, 
or Ringer’s solution, depending upon which of these solutions was 
used outside the sac. ‘The sac is now carefully removed from Stop- 
per B and the serum left in the sac measured into an empty 
centrifuge tube, using a 1 cc. pipette graduated in 0.05 cc. The 
sac is then washed out with two successive 3 cc. portions of saline 
and the washings are added to the serum in the centrifuge tube. 
The centrifuge tube is now covered with tin-foil and set aside for 
analysis. 
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Determination of Calcium.—The method used for the calcium 
determinations was that of Clark (10) though a few modifications 
were introduced. The calcium oxalate was allowed to precipitate 
overnight as described and, in the morning, the precipitates in the 
serum, serum plus saline, or the inorganic solutions were thoroughly 
policed and the sides of the tubes and policeman washed down with 
n ammonia from a wash bottle. (The original ammonia stock, 
10 N, was prepared by running washed ammonia gas into doubly 
distilled water and stored in a Pyrex bottle.) The tubes were 
then centrifuged at a moderate speed (1800 r.p.m.) for 7 to 10 
minutes. After centrifuging, 10 cc. of the supernatant liquid 
from the tubes containing serum ultrafiltrate were drawn off with- 
out disturbing the precipitate and set aside to be used for running 
the biuret tests. Ifa positive test was obtained the whole experi- 
ment was discarded. After carefully siphoning off the supernatant 
liquid the precipitate was thoroughly stirred up with a strong jet of 
N ammonia from the wash bottle and the sides of the tube washed 
downwith 25 to 30cc.of Nammonia. The tubes were then centri- 
fuged again for 7 to 10 minutes. At this stage a few crystals of 
calcium oxalate may often be observed to float on the surface of the 
ammonia. Usually none can be seen in the serum samples, but in 
the inorganic solutions the amount floating is often considerable. 
This is probably a surface tension phenomenon. ‘The supernatant 
liquid is then siphoned off, taking care not to suck up any of the 
floating particles. 5 cc. of N sulfuric acid are next drawn up into 
a pipette and the precipitate stirred up by blowing a fine stream 
of the acid into the tip of the centrifuge tube. The rest of the 
sulfuric acid in the pipette is utilized to wash off the crystals of 
calcium oxalate clinging to the siphon and also in washing down 
the sides of the centrifuge tube. The centrifuge tube is then 
covered with tin-foil and set aside to be titrated. While titrating 
the bath is kept at 81-82°C. and only three tubes are kept in the 
bath at one time. If more tubes than this are heated at the same 
time, too much evaporation may take place in the last tubes so 
that the temperature will fall below 65°C. before the end of the 
titration. The tin-foil should be removed from each tube before 
it is placed in the water bath. 

There are two possible sources of error in these experiments, 
besides the errors of analysis. One is the time allowed for the 
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ultrafiltration and diffusion and the other, and more important, 
is the nature of the membranes. By varying the time from 3, 4, 
to 5 hours it was found that 3 hours were usually sufficient if the 
membranes were good. This is in agreement with the observa- 
tions of Moritz who found that the calcium in the outer liquid 
reached a maximum in about 4 hours. However, to be sure the 
membranes are quite right is more difficult. Usually, when they 
were made according to our procedure we had no trouble. But, 
in a few instances, when the membranes were a little too thick or 
had been used a number of times or had been made on a hot day, 
they were not sufficiently permeable. Such impermeable men- 
branes may partially hold back calcium even when freely per- 
meable to water. To illustrate this we give in Table III the 
results of two experiments carried out in membranes made on a 
hot day as contrasted with experiments carried out on the serum 
of the same persons when the membranes were satisfactory. We 
are, therefore, inclined to believe that low values for diffusible 
calcium are more likely to be in error than high values. 


DISCUSSION. 


The experimental results are summarized in Table I. Such 
facts as were thought to be pertinent are given in the table. The 
volume of water that diffused in the course of each experiment 
is given so that all the necessary data for the calculations made are 
present. In the first nine experiments the importance of accu- 
rately measuring the volume of serum left in the sac was not appre- 
ciated, so the only observation made was that approximately 1 ce. 
of liquid came through in the course of an experiment. In all 
the other experiments the volume was measured as accurately as 
was possible. However, the results of the calculations, using the 
approximate volumes are in substantial agreement with the re- 
sults of the other experiments. In Table IV there is given a 
sample calculation to illustrate the method. Since the calcium 
in the original serum, in the outside liquid, and the amount re- 
maining in the sac were determined, the calculations were made in 
two ways. In one the value for the total calcium determined 
in the original serum and the value for the calcium determined in 
the outside liquid were used, and the value for the calcium left in 
the sac was obtained by difference. The results of these calcula- 
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tions are given under diffusible serum calcium in the column 
headed ‘‘calculated by difference.”’ In the column headed ‘‘ex- 
perimentally determined” the values for the determination of the 
calcium left in the sac were used in making the calculations. 
We regard the first method as more reliable, since there is an 
opportunity for some calcium to be impregnated in the pores of 
the membrane along with the protein which is adsorbed, as has 
been shown by Hitchcock (13), and thus not determined in the 
analysis of the serum inside the sac. It will be noted that in the 
case of subjects D. S. (both determinations (a) and (b) before 
and after breakfast), and P. L. (determinations (b) before and 
after breakfast), there is some doubt that the membranes were 
entirely permeable to calcium. Both the volume of water and the 
calcium that diffused were, in these cases, unusually low and the 
membranes had already been used several times. 

If our data are examined to see how they compare with the 
results of other recent workers in this field, the agreement is found 
to be gratifying. The agreement between our two determinations 
on rabbits and the results of Moritz has already been pointed out. 
Neuhausen and Pincus (1) state that in a few samples of human 
serum they found the diffusible calcium to be between 45 and 50 
per cent by ultrafiltration. This agrees very well with our 
figures for human serum. However, the results obtained by 
compensation dialysis for diffusible calcium by von Meysenbug 
and coworkers (11) and also by Rona and Melli (14) on dogs 
and humans are considerably higher than our own and this is 
also true of the results of Cruickshank (7) on normal dogs by com- 
pensation dialysis. If now we compare our figures with the re- 
sults of analysis of cerebrospinal fluid we find here also a satis- 
factory agreement. The diffusible calcium found by us in the 
two experiments on dogs agrees well with the figures for the cere- 
brospinal fluid calcium of normal dogs found by Cameron and 
Moorhouse (2). The figures for spinal fluid calcium of humans 
reported by Halverson and Bergeim (15) and by Pincus and 
Kramer (16) are a little higher than our results for diffusible cal- 
cium, averaging about 5.0 mg. per 100 cc. However, it should be 
pointed out that the average for their total serum calcium figures 
is also a little higher than the average for our figures, so that the 
percentage ratio of cerebrospinal fluid calcium to serum calcium 
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falls between 45 and 50 per cent, which is in agreement with our 
figures for percentages of diffusible calcium. 

Although there seems to be a satisfactory agreement between 
the figures for the spinal fluid calcium and the diffusible calcium 
it cannot as yet be safely concluded that the spinal fluid calcium 
represents the diffusible calcium of the blood. This is so because 
it is by no means certain that the cerebrospinal fluid is a protein- 
free filtrate in equilibrium with the blood plasma. The evidence 
of chemical analysis does not support this idea. If first the re- 
sults of analysis on non-electrolytes such as blood sugar, urea, and 
creatinine be taken into consideration, where there is no such fac- 
tor as the Donnan equilibrium to complicate matters, it is found 
that they are usually present in lower concentration in the spinal 
fluid than in the blood. Myers and Fine (17) found the sugar of 
the spinal fluid to average 57 per cent of the amount in the blood, 
creatinine 46 per cent, urea 88 per cent, and uric acid 5 per cent. 
Egerer-Seham and Nixon (18) give for normal individuals 50 to 
70 per cent for sugar, 70 to 170 per cent for creatinine, and 45 to 
75 per cent for urea. Thalhimer and Updegraff (19) and others 
have found the sugar of the spinal fluid to be lower than that of the 
blood. The general agreement is that the concentration of these 
constituents in cerebrospinal fluid is not the same as in blood 
plasma. With respect to the inorganic constituents, however, 
evidence as to the relationship of spinal fluid to blood plasma is 
conflicting. Pincus and Kramer (16) from their analyses con- 
clude that the Donnan equilibrium plays an important part in 
the distribution of electrolytes between the cerebrospinal fluid and 
the blood. Qualitatively the results for chloride, potassium, 
calcium, and the reported greater alkalinity of the spinal fluid are 
in agreement with this idea. However, on this basis no explana- 
tion is offered for the fact that sodium and CO, (which represents 
bicarbonate ions) have the same concentration in spinal fluid and 
blood serum, and the distribution of inorganic phosphorus is in 
the wrong direction. Moreover, the work of Rona and his collab- 
orators (4, 20), Neuhausen and Pincus (1), and others indicates 
that the unequal distribution of ions due to the Donnan membrane 
effect is negligible. Until it has been demonstrated, therefore, by 
actual comparative analysis that the calcium of the cerebrospinal 
fluid does represent the diffusible calcium of the blood plasma, we 
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must rely upon some such method as is described in this paper in 
the effort to determine the distribution in blood serum of these 
two forms of calcium. 

Level of Diffusible Calctum.—Our results on human subjects show 
that the diffusible calcium tends to remain more constant than the 
non-diffusible. This is also true of the results on normal rabbits 
recalculated from Moritz’ data. Graphically the variations in 
the diffusible and non-diffusible calcium shown by our results on 
human subjects are illustrated in Fig. 3. Again we wish to call 
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Fic. 3. Graphs constrasting variations in diffusible and non-diffusible 
calcium of human blood serum. 


attention to the fact that in the case of both experiments on sub- 
ject D. S. (see Table I) there is a reasonable doubt that the mem- 
branes were entirely permeable to calcium, as but a very small 
amount of water came through, especially in experiment (a) 
after breakfast. This may account for the low diffusible calcium 
obtained in this particular case, and it will be observed that, were 
these values omitted in plotting the graphs, the one for the 
diffusible calcium would assume an even more constant level. It 
is significant that for the subject with the lowest total serum 
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-alcium, that of H. U. with 7.3 mg. per 100 ec.,‘ and for the one 
with the highest total serum calcium, 8. C. with 10.3 mg. per 100 
ec., the diffusible calcium is substantially the same; namely, 4.5 
mg. per 100 ce. for H. U. and 4.2forS.C. This clearly illustrates 
that the usual procedure for reporting the diffusible calcium 
in terms of per cent of total serum calcium may be misleading, for, 
if the level of the diffusible calcium is practically fixed while that 
of the non-diffusible portion fluctuates within comparatively wide 
limits, the percentage of diffusible calcium will fluctuate, thus 
creating the impression that it is undergoing changes when this 
may not be the case at all. This is again well illustrated in the 
case of H.U. When her total serum calcium was 7.3 mg. per 100 
ec. the percentage of diffusible calcium was 62 per cent, but in the 
next experiment her total calcium had increased to 9.2 mg. per 
100 ce. and the per cent of diffusible calcium was then 46, giving 
the impression that the diffusible calcium had become greatly 
reduced, whereas, as a matter of fact, the diffusible calcium in the 
two cases differs only by 0.3 mg. Our contention that the 
level of the diffusible calcium is more constant than the level of the 
non-diffusible is also borne out by the calculation of the usual 
statistical coefficient of variation. For our human subjects the 
coefficient of variation is 6.5 per cent for the diffusible and 12.5 
per cent for the non-diffusible calcium, while for rabbits the 
coefficient of variation becomes 10.5 per cent and 34 per cent 
respectively. The variation of the non-diffusible calcium is, 
therefore, twice that of the diffusible for our human figures and 
three times that of the diffusible for the rabbit figures. We are 
calling attention to this without, at present, placing great weight 
upon it as a general principle because of the limited data available. 
The factors determining the concentration of ionic calcium in 

a medium of the same hydrogen ion, bicarbonate, and phosphate 
ion concentration as that of the blood have been theoretically 
developed, first by Rona and ‘lakahashi (8) and more recently 
by Kugelmass and Shohl (21) and by Holt, La Mer, and Chown 
(22). Holt, La Mer, and Chown have shown that the blood 
serum is supersaturated with respect to tertiary calcium phosphate 
4 Unpublished experiments carried out by G. W. Clark upon prison 
inmates of San Quentin show variations in serum calcium, for the same 
_individual, which range from 7.3 to 11.0 mg. per 100 ce. 
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(Ca3(POs)2). Whether this is true also with respect to secondary 
calcium phosphate (CaHPO,) and calcium carbonate*® remains 
to be determined experimentally. Calculation of the amount of 
ionic calcium that ought to be present for saturation by the Rona- 
Takahashi equation or the more elaborate equation developed by 
Kugelmass and Shohl: 


7.6 X 10-5 [H+] 
{[HCO;"] [HPO] 





(Ca**+) = 


gives about 2 mg. per 100 ce. This is about half the diffusible 
calcium that our figures indicate for human serum, and only a 
fourth of that indicated by Moritz’ figures for the diffusible calcium 
of rabbit serum. The fact that the ionic calcium of the serum 
appears to be such a small fraction of the diffusible calcium has 
led Greenwald (9) to suspect the existence in the blood of a non- 
ionic organic complex of calcium that is probably diffusible. 

Proof that Diffusible and Non-Diffusible Calcium Are Not in 
Equilibrium.—If the two forms of calcium were in equilibrium it 
would naturally follow that, when the concentration of diffusible 
calcium was lowered, some of the non-diffusible calcium would be 
converted into the diffusible form to maintain the balance and, 
conversely, on increasing the concentration of the diffusible cal- 
cium, some of the diffusible calcium would be converted into the 
non-diffusible form. This holds whether the non-diffusible cal- 
cium is ionized, as is the case in the Donnan membrane equilib- 
rium, or whether it is held combined in a non-ionic form. In the 
former case we have an illustration of what Donnan (23) called 
membrane hydrolysis, and the second is the usual illustration of 
the mass law relation between a non-ionized compound and its 
ions. All the evidence at hand indicates that the non-diffusible 
calcium is present in a non-ionic form, so only the latter illustra- 
tion of equilibrium need be considered here. This evidence has 
been accumulated by Rona and Takahashi (4) who employed 
compensation dialysis, by Cushny (24), and also by Neuhausen 
and Pincus (1) who employed ultrafiltration. These investigators 
have found that all the inorganic constituents of the serum are 
completely diffusible except calcium and probably magnesium. 
If the non-diffusible calcium were present in an ionized form, such 
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results would be impossible in view of the condition of the Donnan 
membrane equilibrium. To the above evidence it should be added 
that Neuhausen and Marshall (25) found about 20 per cent of the 
serum calcium to be ionic calcium by the use of a calcium amalgam 
electrode. 

In the series of experiments carried out with no water outside, 
with 5 cc. of water, physiological saline, or Ringer’s solution out- 
side, and the two cases in which, after being in contact for 3 hours 
with saline, the sacs were transferred to other vessels containing 
5 ec. of fresh saline, the diffusible constituents of the serum have 
been diluted over a fairly wide range, but the amount of diffusible 
calcium remains practically the same in all. The results obtained 
with Ringer’s solution as contrasted with distilled water are 
shown in Table I, under subjects F. K., H. U., T. R., and W. 
Within the limit of accuracy of analysis the diffusible calcium is 
the same whether the outside solution be Ringer’s solution, 
saline, or distilled water. The experiments, in which the effect 
of no water outside the sac is contrasted with that of 5 ec. of water 
outside, were carried out on the sera of subjects 8. C., O. H., 
F. P., J. A., Dog A, Rabbit A, and the two heifers. The experi- 
ments carried out on the sera of subjects H. W. and D. G. were 
run 3 hours with 5 cc. of saline outside and the sacs were then 
transferred to tubes containing 5 cc. of fresh saline. These two 
experiments were first attempted with distilled water, but, on 
transferring to the second tube, water started to flow into the 
sacs again so, to obviate this, physiological saline was substituted 
in the set of experiments given in the table. In the experiments 
carried out with 5 cc. of water, Ringer’s solution, or saline outside, 
the diffusible calcium of the serum is diluted to approximately 35 
per cent of its original concentration in the serum although, as 
our experiments show, the total is not changed. In the experi- 
ments in which the sacs were transferred to 5 cc. of fresh saline 
after 3 hours, the diffusible calcium is diluted to approximately 5 
per cent of its original value. At this value it seems likely that 
we have reached the amount of diffusible calcium with which the 
non-diffusible is in equilibrium, for, in both these experiments, the 
figures for the diffusible calcium are a little higher than for the 
determinations in which the same 5 cc. of saline were used outside 
of the sac throughout the experiment. However, this point must 
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be checked more carefully before a positive assertion to that effect 
can be made. 

Toa casual observer there is another interpretation of our figures 
which may suggest itself; namely, that the two forms of calcium 
are in equilibrium but that the adjustment is slow and, when this 
equilibrium is upset, a long time is required to reach it again. 
(This is the point of view taken by Cameron and Moorhouse (2) 
and by von Meysenbug and coworkers (11).) However, this 
can hardly be so, as far as the equilibrium between the diffusible 
and non-diffusible calcium in the serum uncomplicated by the 
use of membranes is concerned, for it has been shown by Clark (10) 
among others that oxalate will precipitate about 90 per cent of the 
calcium from undiluted serum within half an hour. This indi- 
cates that the establishment of equilibrium must occur within 
this period of time. As a matter of fact the dissociation of the 
calcium from the non-diffusible calcium complex probably occurs 
more rapidly than this and the greater part of the time required is 
utilized by the calcium oxalate crystals in growing to a size large 
enough to be thrown down by centrifuging. While it may also be 
argued that, due to slowness in diffusing through the membrane, 
insufficient time was allowed for equilibrium to be reestablished, 
this objection seems groundless, since our results and those of 
Moritz show that the maximum value for diffusible calcium is 
attained in 3 to 4 hours. In the light of what has been said it 
would be expected that the experiments with water outside the 
sac should show higher values for diffusible calcium than the 
determinations with no water outside, if the level of the diffusible 
calcium is dependent upon that of the non-diffusible calcium. 
However, the very close agreement between the experiments on the 
same sera with no water outside and 5 cc. of water outside leaves 
but little doubt that, within this range of dilution, there is no 
equilibrium between the diffusible and non-diffusible calcium. 

Is Non-Diffusible Calcium in Combination with Serum Pro- 
teins?—This question has been raised by Cameron and Moorhouse 
(2) who have discarded the theory, which was before this quite 
generally accepted, that the non-diffusible calcium is combined 
with the serum proteins. They propose instead that the non- 
diffusible calcium is in combination with some unknown organic 
substance that is intimately connected with the functioning of 
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the parathyroid hormone. The most important evidence which 
Cameron and Moorhouse brought forward in opposition to this 
idea of a combination of calcium with the serum proteins was 
their observation that in parathyroidectomized dogs the total 
serum calcium was greatly reduced though the calcium of the 
cerebrospinal fluid was but little lowered. They concluded, 
however, not that the non-diffusible calcium of the blood had 
practically disappeared but that it remained behind in the blood clot, 
since their analyses showed that the plasma of parathyroidectomized 
dogs contained from 2 to 4 mg. per 100 cc. of calcium more than 
did the serum of these animals. This is contrary to the findings of 
Greenwald (9) who, using heparin as an anticoagulant, obtained 
the same values for the calcium content of the plasma and that of 
the serum of parathyroidectomized dogs. In normal animals 
Cameron and Moorhouse (2) conclude that the non-diffusible 
calcium passes into the serum on clotting which, in their opinion, 
accounts for the observations that the calcium of the plasma and 
of the serum are normally equal, While Salvesen and Linder (26) 
have shown that the level of the serum proteins remains practically 
unchanged in parathyroidectomized dogs, Cameron and Moor- 
house find that the non-diffusible calcium has disappeared from 
the serum of such animals. It would seem, therefore, from these 
results of Cameron and Moorhouse taken in conjunction with those 
of Salvesen and Linder, that the calcium can hardly be bound 
to the serum proteins. Underlying the reasoning of Cameron and 
Moorhouse is the assumption that the cerebrospinal fluid is a 
protein-free filtrate of the blood plasma. For the present, how- 
ever, for reasons already given, the cerebrospinal fluid calcium can 
hardly be considered to represent the diffusible calcium of the 
blood plasma. Moreover, of all the investigators who have 
studied the diffusible calcium in parathyroidectomized animals, 
only Cruickshank (7) has come to the same conclusions as Cameron 
and Moorhouse; 7.e., that the non-diffusible calcium practically dis- 
appears from the blood serum of such animals. Moritz (6), who 
has studied the effect of injecting parathyroid extract on the serum 
calcium of rabbits, found that both diffusible and non-diffusible 
-alcium were increased but that usually the diffusible calcium was 
increased more than the non-diffusible calcium. This is contrary 
to the hypothesis of Cameron and Moorhouse that the parathyroid 
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hormone regulates the level of the organic substance which is 
combined with the non-diffusible calcium, for, if that were true, 
it would be expected that parathyroid extract injection would raise 
the level of the non-diffusible calcium but it would hardly be 
expected that the level of the diffusible calcium would be raised 
even more. 

One of the two other arguments used by Cameron and Moor- 
house(2)seemstobeunsound. Wequote: “. . . . if the calcium 
is capable of uniting with plasma proteins functioning as acids, the 
amount of Ca-protein so formed should bear a ratio to Na-protein 
of about the same order as that of plasma calcium to plasma 
sodium (about 1:30).”’ But, as they point out, it has been shown 
by Rona, Haurowitz, and Petow (20), Neuhausen and Pincus (1), 
and H. and C. Tschimber (27) that the sodium is completely or 
almost completely diffusible and so the combination between 
calcium and the plasma proteins must be negligible. This argu- 
ment would only be true if the calcium-protein combination were 
ionized to about the same extent as the sodium-protein combina- 
tion. However, it has been shown by Greenberg and Schmidt 
(28) for the protein casein that, while the combination with 
sodium gives salt-like solutions which are quite highly ionized, 
the combination with calcium or other members of the alkaline 
earth series shows a very low degree of ionization. Thus it was 
found that between pH 7 and 8 about 70 per cent of the calcium 

yas bound to the casein in a complex, non-ionizable form. If 
then, a similar combination with calcium is formed by the serum 
proteins, or any member of the serum proteins, it would seem quite 
logical that practically all the sodium and only a portion of the 
calcium should be diffusible. Another finding of Greenberg and 
Schmidt which is in harmony with the present observation with 
respect to blood calcium is that the amount of non-ionized casein 
complex did not continue to increase indefinitely as the amount 
of calcium was increased, but instead soon reached a maximum 
level. Of course the existence of such a combination remains to 
be demonstrated for the serum proteins and the findings for casein 
can have weight only as an analogy. A start in this direction has 
been made by Loeb and Nichols (29) who found that euglobulin 
and pseudoglobulin decreased the diffusibility of calcium through 
collodion membranes and that the greater the concentration of the 
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ee rABLE I, 

M | Recalculation of Diffusible Calcium in Rabbit Serum from Moritz’ Data. 
a | . Cn La aa. - 
a Dats — Soot Diffusible calcium. 

a] ' ‘ ee Total E Non-Diffusible 
~ (ea—_—_—_—_—_—- calcium, calcium, 
& Table. | Column. Gives by Recalculated. 

4 ' i areata EEE | 

. sits “1g aad —— = 100 mg. per 100cc. | mg. per 100 cc. 
7 IV} 1 13.4 7.9 9.2 | 4.2 

te 12.6 7.1 8.2 4.4 

2 2 15.0 | 81 9.5 | 5.5 

¢ | 15.3 | 8.1 9.5 5.8 

$s | 3 15.8 6.5 7.6 8.2 

3 | 5.5 | 6.6 7.8 | 7.7 

= b> 12.0 | 6.4 7.4 | 46 

g | 11.4 6.5 7.6 3.8 

, v | 1 13.1 7.6 8.8 | 4.3 

5 2 11.7 6.9 8.1 3.7 

a 3 12.6 7.8 9.1 3.5 
4 4 12.1 6.7 8.0 4.1 

o0 

- Second paper 

2 

on I 1 12.6 | 7.2 9.0 3.6 

g 9 12.1 | 6.8 8.5 3.6 
ea) Il 1 11.0 | 6.3 7.9 3.1 
4 rt | 1 12.2 6.5 8.1 4.1 
= 7 13.1 8.0 10.0 3.1 
& | ol 14.0 7.6 9.5 | 4.5 
=~ 15 12.7 7.3 9.1 3.6 
&:% 19 11.8 6.3 7.9 3.9 
on 23 12.1 7.4 9.2 3.9 
we 30 12.9 7.3 9.1 3.8 
Sos IV 1 13.9 7.8 9.8 4.1 
294 5 12.9 | 6.6 8.2 4.7 
£ 9¢ 8 13.9 6.7 8.4 5.5 
| beg 12 11.0 6.3 7.9 3.1 
a 16 2.7 7.1 8.9 | 3.8 

e 23 20 11.7 6.6 | 8.2 3.5 
> 3 ro eid nw Wiarcag Wwinnin wR AE 8.55 4.37 
a 3 : Coefficient of variation ................- | 10.6 per cent.| 34.0 per cent. 
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TABLE III, 






































| | 
ae Total Diftus-| 
jot water; serum <4. 
Subject. | Experimental conditions, o- wy calcium | oan. 
fused.| cc. | — 
| | | 
cc. | mg. } mg. 
H. W.| 5hrs.at150 5 cc. water | Made on a hot 
mm, outsidesac. | 1.20 | 9.0 2.9 day and par- 
| | tially im- 
D. G. “4 « « 14.55] 9.1] 2.6| permeable 
| to calcium. 
H. W.| 3hrs.at150 5 cc. saline | Membranes 
mm. outside sac. | 1.60 | 9.5 | 4.0 good and 
entirely per- 
D. G. = 9 - 1.75 | 8.8 4.1} meable to 
| calcium. 
TABLE IV. 
Sample Calculation. 
Subject J. A. 5 cc. H,O outside sac. 
Total Ca = 9.0 mg. per 100 cc. 
ws “ in 3 cc. = 0.270 mg. 
H.20 Caleium per 3 ce, ———e 
} cc. | mg. ce. 
0 re 1.25 0.1003 6.25 
ee ee | 1.75 0. 1697 
Calcium in each cc. of liquid outside, 0.1003 + 6.25 = 0. 016 m mg. 
Volume left inside sac (corrected for protein,* 0.15 cc.) = 1.69 cc. 
Diffusible calcium remaining in sac, 1.69 X 0.016 = 0.0256 mg. 
2s ” in 3cc., 0.1003 + 0.0256 = 0.1259 mg. 
" 100 
. ” “100 “ 0.1259 X — =42 mg. 
o 


Non-diffusible calcium in 100 cc., 9.0 — 4.2 = 4.8 


* The correction for the volume occupied by the serum proteins is ap- 
proximately obtained by assuming the protein concentration to be 6.5 
per cent and the density 1.3. Then in 3 cc. of serum the amount of protein 
present is 0.195 gm. and the volume occupied is 0.15 ce. 
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proteins the greater the decrease in the diffusibility of the calcium. 
Furthermore, Csapé and Faubl (30) fractionated the proteins of 
the serum and found that each fraction carried down with it a 
certain amount of calcium which was held quite tenaciously. 
Of the serum proteins, the albumin was found by these authors to 
be combined with the most calcium. 

Additional evidence that the non-diffusible calcium may be in 
combination with the serum proteins or some of the constituents of 
the serum proteins is to be found in a comparison of our data with 
the published figures for the serum proteins. Our results indicate 
that it is the non-diffusible calcium which maintains more nearly 
the same level in the serum of all the animals we have studied. 
The average non-diffusible calcium values taken from our data 
and the recalculated results of Moritz are in mg. per 100 cc., 
5.2 for man, 4.4 for rabbits, 4.4 for dogs, and 4.4 for heifers. 
If we compare these figures with the analytical figures for the 
serum proteins as collected by Howe (31), we find for the per cent 
of total serum proteins for man 7.2, for rabbits 5.5 to 6.0, for dogs 
5.5, and for cows 6.7. Roughly then, the mg. of non-diffusible 
calcium per 100 cc. and the per cent of total serum proteins show 
a similar trend in the serum of the animals we have studied. This 
is in general agreement with the findings of Salvesen and Linder 
(32), who found that the decrease in serum calcium in non-uremic 
cases of Bright’s disease paralleled the decrease in plasma protein. 
To this it may be added that Clark (33) in the case of rabbits, and 
Heubner and Rona (34) in the case of cats, found that repeated 
hemorrhage caused a decrease in the calcium content of the plasma. 
We are well aware that all the evidence we have submitted has only 
an indirect bearing on the question of whether the non-diffusible 
calcium is in combination with the serum proteins. It may 
well be that only a portion of the components of the serum proteins 
is concerned in this combination, if such a combination exists. 
It is quite evident from what has been said that further experi- 
mental evidence of a more direct nature is required before this 
question can be definitely settled. 


The results described in this paper have been obtained by us in 
that department of the Stomatological Research program for 
which Professor Clark is responsible and we are grateful for the 
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opportunities provided. We also wish to thank Miss Mary EF, 
Stockle for her valuable technical assistance. 


SUMMARY. 


1. The method devised by Moritz for the determination of 
diffusible calcium in blood serum has been improved in a number 
of respects. 

2. A study has been made of the distribution of diffusible and 
non-diffusible calcium in the blood serum of eighteen normal young 
men and women, two rabbits, two dogs, and two calves. 

3. Attention is called to an error made by Moritz in the cal- 
culation of diffusible calcium in the blood serum of rabbits and, [| 
by applying a probable correction, the figures given by him for | 
normal rabbits have been recalculated. 

4. The results on the serum of human subjects and the recalcu- 
lated results of Moritz on the serum of rabbits indicate that the 
concentration of diffusible calcium tends to remain.more constant | 
than the concentration of the non-diffusible form. 

5. It has been observed that the non-diffusible calcium is not 
in equilibrium with the total diffusible calcium, though it seems 
probable that it may be in equilibrium with a small fraction of 
the total diffusible calcium present in blood serum. 

6. Evidence has been brought forward which seems to indicate 
that the non-diffusible calcium is bound to the serum proteins 
or some component of the serum proteins in a non-ionized form. 
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THE CARBON DIOXIDE TENSION OF CEREBROSPINAL 
FLUID. 


By ALFRED T. SHOHL ann SAMUEL KARELITZ. 


(From the Department of Pediatrics, Yale University, New Haven.) 
(Received for publication, October 2, 1926.) 


The CO, tension is a necessary factor in determining the acid- 
base equilibrium of the blood. It has been determined for blood 
both directly, and indirectly through CO, of the alveolar air. 
The blood, because of oxidation, reduction, forced breathing, 
and stasis through constriction of the veins, undergoes variations 
in the CO, tension. Does the cerebrospinal fluid which exists 
in a more isolated system follow the same changes as the blood? 
It too is a system of which the pH is determined by the ratio of 
BHCOs. 
H.CO; * 
tains no hemoglobin, it has no oxidation-reduction effects; and as 
it contains little serum albumin or globulin, the effect of protein 
upon the system is practically eliminated. 

The CO, tension of the cerebrospinal fluid is known only 
roughly. Parsons and Shearer (1) obtained data from which they 
calculated tensions of 48 and 64 mm. of CO, in two cases of syphilis 
of the cord. They used electrometric pH determinations, a plot 
of the absorption curve, and determination of CO, content of fluid 
drawn without contact with air to calculate the pH of the fluid. 
K. Meier (2) obtained 35 and 39 mm. on two normal cases. Brock 
(3), on two normal subjects, obtained values of 24 and 27 mm. 
The two latter have used the colorimetric pH method at room 
temperature and the total CO, of the fluid as drawn. Since the 
methods of these papers are not given in sufficient detail to evalu- 
ate the errors, accurate analysis of their data is impossible; but it 
is evident that the variations are so wide among the three as to 
make a further study necessary. 

To determine the H:CO; of cerebrospinal fluid it is necessary 





It differs essentially from the blood, in that, as it con- 
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to know the pH, pK,’, and NaHCO,, for according to the Hender. 
son-Hasselbalch equation 

BHCO; 

H.CO; 





pH = pK,’ + log (1) 
If any three of the four variables are known, the fourth can be 
calculated. Up to the present we have seen no discussion of the 
value of pK,’ for cerebrospinal fluid. ‘Two methods are available 
for evaluating pK,’—first, determination; second, calculation. 

1. Determination of pK,’.—If a sodium bicarbonate solution is 
saturated at 38° with a known tension of COs, one determines the 
pH and the total CO.. The bicarbonate CO, plus the known 
amount of CO, dissolved in solution equals the total CO.. Hence 
the pK,’ value follows because the other three variables are known 
(equation (1)). 

Cerebrospinal fluid is essentially a solution of NaHCO; in NaCl. 
Taking the usual precautions of the Van Slyke technique, cerebro- 
spinal fluid was measured into a tonometer. 1 cc. of Hastings 
and Sendroy’s (4) indicator solution of phenol red for 9 cc. of 
cerebrospinal fluid was introduced. The amount of CO, to give 
the desired CO, tension, 30, 40, 50 mm., was introduced, and the 
tonometer was rotated at 38° for 15 minutes. The gas phase was 
then analyzed, taking the pressure into account; the pH at 38° 
measured by the method of McQuarrie and Shohl (5); and the 
CO, analyzed by the method of Van Slyke and Stadie (6). The 
tonometer used is shown in Fig. 1. It has the advantage of com- 
bining in one piece of apparatus a tonometer and color comparator. 
No transfer of solution is required, and errors resulting from loss 
of CO, during transfer are eliminated. 


A solution containing NaHCO; 0.025 m with NaCl 0.135 ¥, | 


making a total ionic strength of 0.160, was also analyzed at varying 
CO, tensions. Our results for pK,’ accord with those recently 
given by Hastings and Sendroy (7). Their data are more accurate 


because they measured the pH electrometrically and the values | 


are accurate within 0.005 pH or 0.005 pK. The colorimetric 
values are accurate only to 0.02 pH or 0.02 pK. Therefore, the 
results are not given in complete form. Our results can be sum- 
marized, however, as follows: Both cerebrospinal fluid and 
NaHCO; in NaCl solution of concentration equal to that of 
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cerebrospinal fluid show the same pK,’ value. This value varied 
in both cases from 6.10 to 6.17; the average values for the former 
were 6.13 and for the latter were 6.14, which are within experi- 
mental error. This agreement is as good as can be expected from 
this type of measurement. The conclusion is that within the 


all 
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limits of accuracy of our method cerebrospinal fluid has the same 
pK,’ value as a solution of NaCl and NaHCO; of the same com- 
position. 

2. Calculation of pK,'.—The term pK,’ represents pK; + 
—log y where pK, is the value at infinite dilution, and —log y, 
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the negative log of the activity coefficient at the given conditions, 
This terminology was introduced into physiologic literature by 
Warburg, and by Hastings and Sendroy (7) for bicarbonate solu. 
tions. The original articles must be consulted for a full descrip. 
tion. The familiar equation (1) in terms of activity becomes 
slightly modified to 

NaHCO; 


—_—___—_ 9 
H:COs; @) 


pa,;, = pKi — log y + log 

where pa; represents activity pH, pK, is the negative log of K,, 
the apparent first dissociation constant of carbonic acid, and —log 
vy is the negative log of the activity coefficient. The practical 
advantage of this equation is that -—log y can be calculated 
according to the concept of ionic strength, introduced by G. N. 
Lewis. The equation developed by Debye and Hiickel for 
the activity coefficient of a single ion in dilute solution is —log y = 
V 6B Vu where —log y has the significance just given, 8 is a 
universal constant with the value of 0.5, V represents the valence 
of the ion, and y, the ionic strength of the system, equals } = V°C, 
one-half the sum of the products of the square of the valence times 
the concentration for each ion. 

In this case the equation becomes —logy = 0.5 -Vu 

To evaluate the —log y of cerebrospinal fluid it suffices to know 
the ionic strength of the system. Sufficient data are now at hand 
to make this calculation, taking the values given by Pincus and 
Kramer (8) and by Hamilton (9). 





Pincus and 
Hamilton. Kramer. 
M M 

0 A Re enn Nee eee 0.155 0.147 
Nh oes oe conc cara aincanmeewe 0.145 0.149 
ee ND. cas donnucwecadionsenw acumen 0.005 0.005 
le ER, cc ca eevesdkececunnsceoumuwr 0.007 0.007 
ice oe adkoe eastknn wen vecacaukaaenwd 0.312 0.306 
NE ee 0.156 0.154 
ie aii ei ete bo dab cetDelletenli 0.392 0.390 
(4) 0.5 Vu = — log y..........cccececececs woos O08 0.195 


The value of pK, given by Hastings and Sendroy (7), in sub- 
stantial agreement with that of Bray! and Walker! in the lab- 


1 Unpublished theses submitted to Yale University in partial fulfilment 
for the degree of Doctor of Philosophy, 1924 and 1925. 
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oratory of Professor J. Johnston, is pK; = 6.33. Therefore, for 
spinal fluid systems pK,’ = 6.33 — 0.20 = 6.13. This value has 
therefore been adopted as the result both of experiment, where the 
yalue is 6.13 + 0.03, and of calculation, where the value is 6.13+ 
0.005. 


CO, Tension of Cerebrospinal Fluid and Blood Plasma Withdrawn 
at the Same Time. 


Determinations were made of blood plasma and cerebrospinal 
fluid. The pH of the plasma was determined by Hastings and 
Sendroy’s (4) method, and of the cerebrospinal fluid by the method 
of McQuarrie and Shohl (5). The CO, was determined by the 
method of Van Slyke and Stadie (6), and the CO, tension calcu- 
lated from equation (3) 


1 
H;CO; = R+1 TCO: (3) 


in which R is the ratio of NaHCO; to H,COs, and T’'CO, is the total 
CO... The HCO; can be expressed as mM, as volumes per cent, 
or taking into account a, the absorption coefficient, it can be 
expressed as mm. of tension or atmospheres. In the blood the 
pK,’ value used was 6.10, for the only determination of the pK,’ 
of plasma calculated from the activity coefficient is that of Van 
Slyke, Hastings, Murray, and Sendroy (10) for horse plasma of 
6.13 and that of Cullen (11) of 6.10 for humans. The a for blood 
plasma used was 0.541, as has been customary. For spinal fluid, 
the a was read from a plot of Hastings and Sendroy’s (7) newly 
determined values, and at a concentration of 0.16 m with NaCl 
and NaHCO; was taken as 0.535. 

Values on normal human beings have not been attainable. 
However, several cases in which there was no reason to believe 
that there was any abnormality of the cerebrospinal fluid are 
included. The results in Table I are given not only in mm. of 
pCOz, but also in volumes per cent which can be converted into 
mm by dividing by 2.24 and have been grouped according to 
diminishing tensions of CO. in the cerebrospinal fluid. These 
data are not presented as evidence either of the normal values 
of CO, tension or of the pathological variations, for they are not 
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sufficiently numerous. Nor is it possible to argue the physi- 
ological importance of such a system. The main purpose is to 
show the validity of the method. The applications must be made 
later. However, certain features stand out prominently. First, 
though the values of the pH and total CO. may be the same respee- 
tively in a given cerebrospinal fluid and plasma, the H.C0; is 


TABLE I. 


Blood plasma. Cerebrospinal fluid. 


* 


| CC | | CO. 
| pH | x 1H:CO;*| ten- | pH | = tal /17.C0;*| ten- 
| COs. 




















| sion. | | | sion.f 
| oent | cent mms. Maen | veent | mm. 
S. W., tuberculosis. .| 7.26 | 58.4 | 3.75 | 52.6 | 7.26 56.8 | 3.97 | 56.4 
Epilepsy............ | 7.37 | 65.6 | 3.35 | 47.0 | 7.29 | 57.5 | 3.77 | 54.5 
H. W., normal...... | 7.32 | 60.0 | 3.41 | 47.9 | 7.32 | 60.8 | 3.75 | 53.2 
Dog 1.. vs+-+++| 7.34 | 56.4 | 3.07 | 43.1 | 7.34 | 62.2 | 3.68 | 52.2 
so encephalitis. | | | | 
es. O........<0. | 7.36 | 62.2 | 3.19 | 44.9 | 7.28 | 52.2 | 3.48 | 49.5 
i ee | 7.42 | 60.0 | 2.80 | 39.4 | 7.29 | 52.2 | 3.36 | 48.6 
G. E., tuberculosis. | 
i | 7.47 | 43.5 | 1.78 | 25.0 | 7.21 | 36.2 | 3.14 | 44.4 
| SPS | 7.47 | 38.0 | 1.55 | 21.8 | 7.26 | 39.1 | 2.72 | 38.7 
| Ae 7.42 | 40.6 | 1.85 | 26.0 | 7.27 | 38.9 | 2.63 | 37.3 
Retinitis. . | 7.39 | 53.1 | 2.59 | 36.4 | 7.36 | 54.8 | 3.02 | 42.8 
Scarlet fever sepsis. | 7.35 | 42.7 | 2.27 | 31.9 | 7.35 | 37.1 | 2.13 | 30.3 
Acidosis............ | 2.17 | 14.6 | 1.14 | 16.0 | 7.26 | 15.2 | 1.06 | 15.3 





* The pK,’ used for the pl: usma was 6. 10 and for the eorebrospinal fluid 
6.13. 

t The absorption coefficient used for the plasma was 0.541 and for the 
cerebrospinal fluid 0.535. 


calculated as greater in the cerebrospinal fluid than in blood be- 
cause of the difference in pK,’ values used. Second, if the a is 
0.541 for serum and 0.535 for spinal fluid, the tension of CO, must 
be proportionately greater in the cerebrospinal fluid. Both these 
factors operate in the same direction so that the calculated C0; 
tension of cerebrospinal fluid should range about 5 to 7 mm. higher 
than that of blood of the same pH and NaHCO; content. 


The relationship between CO: of the blood serum and that of the | 


cerebrospinal fluid has not been determined. Pincus and Kramer 
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(8) say they are equal. Hamilton (9) says the spinal fluid CO, 
is lower in high or normal values of bloed and higher in low values 
of the blood. Our experience is that either may be higher or lower 
at any level. It is interesting that the encephalitis cases may 
show a compensated alkalosis in the blood and a compensated 
acidosis in the spinal fluid; both result in reduction of CO, tension. 
In the one severe general acidosis, a drop in the cerebrospinal fluid 
tension corresponds to the drop in tension in the blood. 

If one calculates the tension by the method given here, the 
errors resulting from pH, pK,’, and total CO. determinations are 


on 
2 
2 


pH + 0.02 at 40 to 60 volumes per cent = +2. 
pKy’ + 0.005 = +0.5 
TCO: + 1 per cent = + 


S 
or 


In calculating the values of the content of H:COs, if the a with 
which the tension is calculated is known, the tension can be re- 
calculated for any other value. Therefore, in this determination, 
the error on H:CO; introduced by the uncertainty of the pH is 
only 0.25 volumes per cent, 5 per cent, or 2.6 mm. The value 
for pK,’ derived in this analysis is probably accurate +0.005 and 
hence more than fulfils the requirements of this determination. 


SUMMARY. 


1. A method for determining CO, tension of the cerebrospinal 
fluid is presented, based upon the dissociation constant for bi- 
carbonate under the conditions of cerebrospinal fluid. By this 
method, assuming an uncertainty of 0.02 in the pH, determina- 
tion of the CO. tension may be made with an accuracy of 5 per 
cent. The value of pK,’ = 6.13 + 0.005. 

2. A compensated acidosis in the spinal fluid may occur simul- 
taneously with a compensated alkalosis in the general circulation. 

3. In one case of non-diabetic acidosis a corresponding drop in 
CO, tension took place in the serum and spinal fluid. 

4. If the same values of pH and NaHCQ; are found for the blood 
plasma and cerebrospinal fluid respectively, and if the customary 
values for the dissociation constant and absorption coefficient of 
blood plasma are used, the calculated CO, tension of the cerebro- 
spinal fluid is greater than that of the blood plasma by 5 to 7 mm. 
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ON THE GROWTH-PROMOTING PROPERTY OF IRRADI- 
und ATED FAT IN THE DIET, OF DIRECT IRRADIATION, 
bere. AND OF COD LIVER OIL. 
Rn By H. GOLDBLATT anp ALAN R. MORITZ. 
10ut 


(From the Depariment of Pathology, School of Medicine of Western Reserve 
eter. University, Cleveland.) 


Ixvi, (Received for publication, August 25, 1926.) 
the The growth of young rats kept on a diet deficient only in the 
- fat-soluble vitamins (A and D) is enhanced if the animals are 
a irradiated daily by a mercury vapor quartz lamp. Irradiation 
also induces temporary resumption of growth in rats that have 
tion stopped gaining weight on this deficient diet. But that the light 
tol. cannot entirely replace the fat-soluble, organic growth-promoting 
a factors in the diet is evidenced by the fact that in both cases 
mentioned above, despite continued daily exposure to the light, 
Jr., the rats eventually cease gaining weight at a point below the 
tri normal for their age, and their subsequent history is the same as 
ted that of unexposed rats on the same deficient diet (Hume (1), 
the Goldblatt and Soames (2)). These observations have been 
im, repeatedly confirmed. It has also been shown that this growth- 


promoting property can be induced in vivo (Goldblatt and Soames 
(3)); for if rats are kept on a diet deficient in vitamins A and D 
until they have ceased gaining weight for about 4 weeks, their 
liver, fed to other rats, does not possess growth-promoting prop- 
erties; but if, after complete cessation of growth, rats are irradiated 
for a few weeks by means of a mercury vapor quartz lamp, their 
livers acquire the property of stimulating for a short while the 
gain in weight of rats that have ceased growing on a diet deficient 
in the fat-soluble vitamins. This observation has been confirmed 
by Steenbock and Black (4), and these investigators and their 
collaborators (5) have shown in addition that the development of 
growth-promoting properties can be induced in vitro in oils and 
other substances by exposing them to the rays from a mercury 
127 
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vapor quartz lamp, carbon arc, and other sources of light rich in 
ultra-violet rays. 

Hume (1), in explanation of the growth-promoting effect of 
light, suggested that “there is an interaction between vitamin A and 
light for the growth of rats, but that the action of the light does not 
produce a photosynthesis of the vitamin.’ The experiments of 
Goldblatt and Soames (2) also showed that the growth-promoting 
effect was not due to synthesis of vitamin A and they suggested 
that the light in some way economizes the vitamin A still present 
in the rat and makes it effective to induce growth. Steenbock 
and Black (4) assumed that the radiant energy of direct light and 
of irradiated oil, by replacing vitamin D and inducing calcification 
of bones, also induces growth. But all investigators agree that for 
continued normal growth the presence of fat-soluble vitamin A 
(the growth-promoting, antiophthalmic vitamin) is necessary. 
That the presence of only a small amount of vitamin A in the diet 
is sufficient to permit normal growth, provided the rats are irra 
diated daily, was shown by Goldlbatt and Soames (6). 

It was considered of interest to compare the growth-promoting 
power of irradiated fat in the diet, of direct irradiation, and of cod 
liver oil, and to determine whether irradiated fat in the diet can 
be used in growth promotion experiments as a substitute for direct 
irradiation of the animals. 

In the case of small animals this would be an advantage, for 
hooding of the eyes is troublesome and time-consuming, and 
direct irradiation otherwise induces a conjunctivitis and opacity 
of the cornea which complicates other eye changes induced by 
diet, and also probably affects the general condition of the animals. 


EXPERIMENTAL. 


Since there is no way known at present by which an identical 
amount of irradiation can be administered directly, by exposure of 
the animal, and indirectly, by means of irradiated fat in the diet, 
it was considered best to compare quantities of each which, from 
previous experiments with the lamp employed, were known to give 
maximal effects. ‘The comparison was made in two ways. 

Part I—Litters of male albino rats, 28 days eld, were first 
given a diet deficient only in fat-soluble vitamins A and D, 
(Diet (-A-D)) until they had definitely stopped growing. 
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Diet (-A-D). 


rr ee. cae eedmiaewseanukkasmanhes 20 gm 
I a Ni ed et arate Sia s Sica 50 “ 
NS OC Te PORTE PORE Gy ee . 
Vegex (for vitamin B)................. i -_— 
Salt mixture (McCollum (7) No. 185) 5 « 
Decitrated lemon juice (for vitamin C).... renee nes 5 ee. 
I NE oo a dwew ake saw eke Fe en 50 “ 


* Inactivated by the method of Hopkins (8) by heating for 24 hours at 
110°C., with a constant inflow of air into the oven. 


When, after a varying period on this diet, gain in weight had 
ceased for not less than 2 weeks, the rats were separated into four 
groups and treated as follows: 

Group I consisted of ten animals which continued to receive 
only Diet (-A-D). 

Group II was composed of twelve rats which received Diet 
(-A-D), as before, but in addition were exposed daily to the light 
from a mercury vapor quartz lamp at a distance of 40 cm. from the 
are. This group will be referred to in tables and charts as (+1). 
The lamp' employed is a Cooper Hewitt mercury vapor quartz 
lamp run at 110 volts and 3.5 amperes. The period of irradiation 
was 5 minutes in the beginning, was rapidly increased in 1 week to 
20 minutes daily, an exposure known to be sufficient for maximal 
growth-promoting effect, and this was continued to the end of the 
experimental period. 

In Group III there were fourteen rats. These received Diet 
(-A-D), but the cottonseed oil in it was irradiated just before it was 
added to the diet. This group will be referred to as (+I.C.). 
The oil, in 150 gm. quantities, in open round dishes 21 ecm. in 
diameter, at a distance of 40 cm. from the arc, was irradiated for 
1 hour, during which time it was stirred at frequent intervals. 
A quantity of oil, sufficient for 1 week’s rations, was irradiated at 
one time. 

Group IV had eight rats which continued to receive Diet 
(-A-D), but in addition were given daily, by mouth, 7 drops 
(about 150 mg.) of potent cod liver oil, an amount of this oil 


‘This lamp was loaned to us by Professor Miller of Case School of 
Applied Science, and to him we wish to express our sincerest thanks. 
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known to be adequate for maximal growth-promoting effect, 
This group will be referred to in the charts as (+C.L.O.). 

Table I and Charts I to IV show that in the four groups the 
weights of the rats, after they had ceased gaining on Diet (-A-D 
alone, varied greatly, but the rats were so chosen for the four 
groups that the fluctuation of these initial weights is similar, 
Charts I to IV illustrate the effects of the different treatments 
which the animals in the four groups received. TableI gives the 




















TABLE I. 
Group I (-A-D). Group II (+ 1.). Group III (+ L.C.). |Group IV (+C.L.0)), 
Rat No. —— Rat No. —— Rat No. cca Rat No. —- 
gm. gm. | gm. gm. 
1486 tT 1440 31 1460 | 33 | 1429 | 2 
1466 6 1447 45 1461 | 36 1439 | 35 
1474 3 1448 33 | 1467 | 28 1446 72 
1483 ; 1449 22 | 1460 | 21 | 1450 | @ 
1472 ; 1407 | 43 | 1444 | 20 1465 | 55 
1437 10 1438 30 | 1478 45 1468 | 66 
1457 16 1476 37 | «1442 48 1484 | 70 
1487 18 1477 42 | 1426 | 35 | 1463 | 55 
1480 T 1485 | 25 1432 | 48 

1482 T 1441 | 28 1450 | 22 | 

1464 | 5 1433 18 

1424 | 9 1481 43 | 

| 1431 5 

| 1443 | 28 














* This represents the maximum gain in weight during a period of 4 
weeks following the time when the animals had ceased gaining on Diet 
(-A-D). 

+ Indicates that the animal did not gain weight during those 4 
weeks and either remained stationary or actually lost weight during 
that period. 


maximum gains which occurred in the four groups during the 
first 4 weeks after the change from Diet (-A-D) exclusively. The 
arbitrary period of 4 weeks is chosen because within that period all 
the rats in Groups II and III had reached their maximal weight 
and were either maintaining that weight or were already on the 
decline. 

In Group I, only two out of the thirteen animals made a 
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Group] - A-D) 


150 Fa 2 
7 ‘s “D ~ “e 7 
100 . in : 
‘> 
50] 14% 1466 1474 1483 472 


0 
190 won 
rt \ 
i= F ‘D> tp 
te xe % 
100 . *D \ 
*D 
so /1437 (457 487 1480 482 
4s. 
Cuarrt I, 
B, Bronchopneumonia. x, Xerophthalmia. 
E, Enteritis. D, Died. 


Solid line, period on Diet (-A-D) alone until gain in weight had ceased 
for at least 2 weeks. 

Dotted line, period on Diet (-A-D) alone after gain in weight had ceased 
for at least 2 weeks. 





Groupll (+ J.) 
1X - 63 . 
4 - ix > 
. , x ¢ ic . ii 
«0 : , 
*D ° . D 
» = (\ 
*> 
3} 1440 1447 
‘ 1448 1449 [427 1438 
, 
m4 
199 
ip . An. a sl 
100 _ 4 “3 3 
~D -D -> 
“D 
5011476 
a 441 1464 1424 
+ Wks. 
Cuart II. 
B, Bronchopneumonia. x, Xerophthalmia. 
E, Enteritis. D, Died. 


Solid line, period on Diet (-A-D) alone until gain in weight had ceased 
for at least 2 weeks. 

Dotted line, period on Diet (-A-D) + daily irradiation of the animals 
bya mercury vapor quartz lamp. 
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appreciable gain which, however, was much smaller than the 
mean gain in the other groups. Of the remainder, three gained a 
few gm. and eight lost weight. Some developed xerophthalmia, 
and in some, bronchopneumonia or enteritis, or both, occurred as 


Grouplll (+I .C.) 





150 2¢ * ray 
+> . 
100 *D -D ~D 
> / 
50/1460 1461 1467 1469 1444 
0 
2. € 
gt . 
150 = Jie ¢ is 
F : > - 
*D * ep *D 
100 > 
-D 
50/ 1478 1442 1426 1432 
0 
‘a 
150 s) 
100 i. 7 ” - 
*D 
50/ 1433 1481 a 1443 
+ \sKs. 
Cuart III. 
B, Bronchopneumonia. x, Xerophthalmia. 
E, Enteritis. D, Died. 


Solid line, period on Diet (-A-D) alone until gain in weight had ceased 
for at least 2 weeks. 

Dotted line, period on Diet (-A-D) + irradiated cottonseed oil, after 
gain in weight had ceased on (-A-D) alone. 


complications of the vitamin deficiency, and all finally died, 


severe loss of weight usually preceding death. 
In Groups II and III, the maximum gains varied, but the gains 
were of similar magnitude in both (see Table I). All the rats m 
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these two groups had ceased gaining weight after 4 weeks, and 
their subsequent history was practically the same as that of 
Group I (see Charts II and III). In many instances the loss of 
weight was greater and more abrupt than that which occurred in 
the case of Group I rats. 


ws 
Group C.L.O) 
200 i 
150 
00 
50/1429 1439 1446 1459 
0 
200 F ~e 
B 3 ’ 
A) . : : 
. : > “> 
00 “D 
50/ 1465 1468 1484 1463 
4s. 
Cuart IV. 
B, Bronchopneumonia. 
D, Died. 


Solid line, period on Diet (-A-D) alone until gain in weight had ceased 
for at least 2 weeks. 

Dotted line, period on same diet + 150 mg. of cod liver oil daily after 
gain in weight on Diet (-A-D) alone had ceased. 


In Group IV the gains in weight in 4 weeks were also variable 
but, in general, they were much greater than those in Groups 
II and III. Besides, most of the animals in Group IV continued 
to gain weight for many weeks following the arbitrary period of 
4 weeks and appeared to be normal. Bronchopneumonia de- 
veloped in three rats of this group and finally led to their death. 
This, in our experience, is an exceptional occurrence in rats on the 
complete diet and must be regarded as accidental. 
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I, II, and III had died. 


The experiment was continued until all the animals in Groups 
Table II shows that the total length of 
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TABLE II. 
Group I (-A-D). | jroup II (+ I.). Group III (+ I.C.). lGroup IV (+ C.L.0.), 
Total | Total Total 
Rat No. | length of Rat No. tea a Rat No. | length of | Rat No. nage of 
life. | | life. | | life. | ife. 
wks. wks. wks. | wks. 
1486 23 1440 | 23 1460 19 1429 . 
1466 19 | 1447 | 18 1461 18 | 1439 ‘ 
1474 19 | 1448 | 20 | 1467 | 20 1446 . 
1483 19 | 1449 | 20 | 1469 | 20 1459 . 
1472 17 | 1427 | 20 | 1444 | 21 1465 : 
1437 21 | = 1438 | 18 | 1478 | 20 1468 22 
1457 1 | 1476 | 20 1442 17 1484 22 
1487 16 | 1477 | 20 1426 | 20 1463 22 
1480 19 | 1485 18 1432 | 19 
1482 24 | 1441 | #219 | 1450 | 19 
| 1464 | 22 | 1433 | 20 
| 1424 | 18 | 1481 17 
| | 1431 | 17 
1443 | 19 








*Indicates that 


these animals were still 


TABLE III. 


alive at the end of the 





Group ITI (+ I.C.). |Group IV (+ C.L.0.). 


















experiment. 
Group I (-A-D). 
M 
Rat No. a 
gm. 
1512 52 
1513 33 
1514 44 
1524 51 
1525 76 
1526 24 





Group II (+1.). 
: Maxi 
Rat No. gain. | RatD 

gm. 
1515 86 
1516 103 
1517 98 
1527 134 
1528 110 
1529 95 








|Maximum 


| 


Rat No. 


Maximum 








gain.* gain.* 
gm. | gm, 
95 | 1521 146 
96 | 1522 | 182 
89 | 1523 118 
150 | 1533 180 
74 | 1534 178 
79 | 1535 213 









* This represents the greatest gain in weight made during the entire 
period of the experiment. 


life of the rats in the four groups varied greatly but that there 
were no notable differences between Groups [, II, and ITI. 
eight rats in Group IV, five were still living and gaining weight at 
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ips the end of the experimental period, which lasted 20 weeks. The 
of three that died of bronchopneumonia were 223 weeks old at the 
time of death so that even those three lived as long as the maximum 
in Groups II and III (see Table II). 

0.). 


peta (-A-D)GroupI 
al a0 y~ 
UV 
nef i x ~~ A 
a rr, } / x 
» DD ASi2 9 A513 J itp! 15240 A526. rises 
(+1)Groupll 





150 


(+1.C)Grouglll 
150 
y: a 
. ii / / fs, 
the } } / 
50 / 15189 a ! is209 15300 £15318 /is32¢ 


— +CL.0),Grouplt 


.0.). 200 





be 

16 100 if 

32 / 

8 - /'s a : 
0 l / $230 lame 1534/1535 
8 4wWns. 

ol Cuart V, 

tire x, Xerophthalmia. 


Part II.—The second method of comparing the growth-promot- 


ere ing property of irradiated fat, of direct irradiation, and of cod 
the liver oil was as follows: 
at Litters of rats 28 days old were divided into four groups, each 
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containing three males and three females. The groups corre- 
sponded to those in Part I of this communication, the only differ- 
ence being that the rats were separated into these groups at the 
beginning of the experimental period without being placed for a 
preliminary period exclusively on Diet (-A-D). 

Table III shows the maximum gains in weight during the entire 
period of the experiment, which was interrupted at the end of 11 
weeks, when all the rats in Groups I, II, and III had stopped 
gaining. That the animals used in this experiment did not have 
as great a store of the fat-soluble vitamins as those used in Part I, 
is evidenced by the fact that those in Group I (on Diet (-A-D) 
exclusively) did not grow as well as the ones in the corresponding 
group of Part I. The maximum gains by the rats in the four 
groups varied greatly, but Table III and Chart V show that the 
fluctuations in Groups II and III are of about the same order, 
that the maximum gains in these two groups are much greater 
than those in Group I, and much less than those in Group IV. 
The animals in Groups II and III grew more rapidly and con- 
tinued to grow for a longer period than those in Group I and 
during the first 6 weeks of the experimental period grew almost 
as well as those in Group IV. 


SUMMARY. 


By two methods an attempt has been made to compare the 
growth-promoting power of irradiated fat in the diet, of direct 
irradiation, and of cod liver oil. 

Rats which received a diet deficient in Vitamins A and D 
(-A-D) until they had ceased gaining weight for a period of 
about 3 weeks, when exposed daily to the light from a mercury 
vapor quartz lamp (+]) or given irradiated fat in the diet, resumed 
moderate gain in weight for a period of from 2 to 4 weeks. The 
maximum gains during 4 weeks were practically of the same order 
in both groups, but much less than those of another group which 
received cod liver oil (+C. L. O.). 

Rats which, from the beginning of the experimental period, 
received Diet (-A-D) and, in addition, were either irradiated 
directly, or given Diet (-A-D) which contained irradiated cotton- 
seed oil, reached similar weights which were much greater than 
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those of rats on Diet (-A-D) exclusively, but not as great as those 
of rats on Diet (-A-D) that received daily about 150 mg. of cod 
liver oil. 

CONCLUSIONS. 


Irradiated fat in the diet and direct irradiation possess to 
about the same degree the power to promote gain in weight of 
rats on a diet deficient in both fat-soluble vitamins (A and D), 
but this power is less than that of cod liver oil which, by reason 
of the fact that it is rich in vitamins A and D, possesses the growth- 
promoting property to a far greater degree than either direct 
irradiation or irradiated oil. 

Thus irradiated oil in the diet can be used in growth promo- 
tion experiments as a substitute for direct irradiation of animals, 
but neither source of radiant energy can act as a complete substi- 
tute for cod liver oil unless fat-soluble A is also administered. 

Radiant energy, administered directly or indirectly, although 
it prolongs and enhances growth, does not prolong the life of 
rats on a diet deficient in vitamins A and D and does not prevent 
them from developing xerophthalmia. 
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THE EFFECT ON THE KIDNEY OF THE LONG CONTINUED 
ADMINISTRATION OF DIETS CONTAINING AN 
EXCESS OF CERTAIN FOOD ELEMENTS. 


I. EXCESS OF PROTEIN AND CYSTINE.* 


T. ADDIS, EATON M. MacKAY, anp LOIS LOCKARD MacKAY., 


(From the Department of Medicine of Stanford University Medical School, 
San Francisco.) 


(Received for publication, August 27, 1926.) 


During the last few years several investigators have made an 
experimental study of the effects on growth and nutrition of the 
administration of a relative excess of certain food elements. 
Under uncontrolled conditions, of course, such experiments have 
been made on a vast scale over long periods of time. In arctic 
regions, for as long as man has lived there, for so long has he had 
to exist on a diet which contains a high concentration of protein 
and a minimal amount of carbohydrate, while in certain tropical 
regions his food for an unknown number of generations has con- 
tained a relatively small amount of protein. Opinions have been 
expressed as to the influence of such differences in diet on the 
incidence of Bright’s disease and of arteriosclerosis, and these 
views, though they seem to have little basis in actually observed 
fact, are largely responsible for the present interest in the effect 
of high protein diets on the kidney. But the experimental work 
which has been reported has left the question undecided, for 
while some investigators find that pathological effects are pro- 
duced in the kidney by diets high in protein, others observe en- 
largement without any abnormality while still others fail to see 
that any effect at all is produced. It is evident that further data 
are needed for the solution of the problem and in this paper we 
give the results obtained with a diet which contained an excess 


* This work was aided by the Wellington Gregg Fund for the investiga- 
tion of Bright’s disease. 
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of protein. We have also carried out experiments in which cystine 
was given in excess, because it has been suggested that the renal 
lesions which some have found to follow an excess of protein are 
due to certain amino acids, of which cystine is one, and because 
some evidence has been presented to show that cystine alone may 
damage the kidneys. 

To obtain clear and unambiguous results in experiments of this 
nature certain prerequisites must be met. First the period of 
observation must be extended to cover a considerable part of the 
total life span of the subjects of the experiment. Before this 
work was commenced we had found that even pronounced excesses 
of various food elements had no pathological effect on the kidney 
of the rat over periods of 54 days, a time which corresponds to 
nearly 43 years in the life of a man. We have continued to use 
white rats in these experiments but we have extended the period 
of observation to a year which according to Donaldson’s estimate 
is equivalent to 30 years of a man’s life. In the second place it 
is important that the addition of the excess element shall be the 
only difference between the control and experimental animals. 
Our control and experimental groups were made as nearly identical 
as possible. At the beginning they were a!l exactly 30 days old 
and of course were of the same sex. They were selected from a 
large stock originally derived from Dr. Slonaker’s colony which 
had been reared in this laboratory through many generations on 
a constant diet and under very uniform external conditions. In 
each control and experimental group the individuals were so 
chosen that the range of variation in body weight was nearly the 
same while the average weight approximated the normal average 
stock weight at that age. Throughout the experimental period 
the animals were kept side by side in the same constant tempera- 
ture room into which no light came which had not first passed 
through glass. They were all housed in cages of the Slonaker 
type (1), fed in the same way, and handled for weighing at the 
same time. But the most essential condition of all is that the 
control and experimental diets shall both be amply adequate for 
growth and maintenance and as closely comparable as is possible 
except for the experimental variable. It is of course impossible 
to add an excess of protein to the control diet without diminishing 
to a proportionate degree some of its other constituents, and there 
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is here a danger that the concentration of one or another essential 
element may be so lowered that the high protein diet becomes 
defective. In that case any effect produced might be ascribed 
to the excess of protein although it might really be related to the 
unsuspected deficiency. We have accordingly taken special 
pains to make sure that our high protein diet contained in abun- 
dance all necessary food factors. 

The control diet which is the basis of all our experimental diets 
is given in detail in Table I. 


TABLE I. 
Control Diet.* 









































; é g 
2 3 
Ingredient. é g 33 - 5 3 § 
slalo |/e@l/elela 
Corn-starch (cooked, dried, and powdered)|44.0} 0.0/40.4) 0.0] 3.6) 0.0) 0.0 
Casein (powdered) ......................- |16.0)14.4) 0.0) 0.0) 1.5) 0.0) 0.1 
Serer i | ps Fee ee 
IEA OEE ETT 10.0} 0.0) 0.0)10.0; 0.0) 0.0) 0.0 
Salt mixture (Osborne and Mendel).......| 4.0} 0.0) 0.0) 0.0) 0.0) 0.0) 4.0 
Yeast (dried and powdered) Harris....... 10.0) 2.6) 3.7) 0.6) 0.4) 0.2) 2.5 
Alfalfa (dried and powdered) ............. 2.0) 0.3) 0.7) 0.1) 0 2| 0.6) 0.1 
Element. Per cent of diet. | Per cent of calories. 
CN ieee aawanakaaa dannsenaued 17.3 14.6 
I ss os ie nena manmcawne ane 44.8 37.8 
een detcnies wate cine vusennn een Keke 24.7 47.6 
ene ha ua ecg era ota tae incon 5.7 
ene eee ere eh nee ee eres 0.8 
MNGi neces cawaxeebacieueeeied 6.7 











*1gm. = 4.84 calories. 


The high protein diet is given in Table II. 

It will be noted that the high protein diet is identical with the 
control diet except that all of the corn-starch and lard has been 
replaced by casein. It still contains the same concentration of 
salt mixture and alfalfa and the same 10 per cent of both cod liver 
oil and dried yeast, but there is 69.5 per cent of protein as com- 
pared with 17.3 per cent in the control diet. 

There was no difficulty in making the cystine diet almost identi- 
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cal with the control diet. It was prepared by mixing 1 gm. of 
cystine with 99 gm. of the control diet. 

We knew that our control diet was adequate because during 
life the growth curve was better than the average and after death 
no constant abnormality was found in any of the organs or tissues, 
If now it were found that the high protein and cystine diets could 
also support growth and maintenance it might be supposed that 
this fact would demonstrate their adequacy, so that any organ 
defect which might occur could not well be thought of as possibly 
arising from dietary deficiency. This assumption has of course 


TABLE II, 
High Protein Diet.* 












































~ 3 z % 
Ingredient. s | 3 |$e sieal. 
| re 74. 066.6} 0.0} 0.0) 6.9} 0.0) 0.5 
RE a ne Ra eR Pe 10.0} 0.0} 0.0)/10.0) 0.0) 0 0} 0.0 
Salt mixture (Osborne and Mendel)..... | 4.0} 0.0) 0.0} 0.0} 0.0} 0 0} 0.0 
I os caine nicer ae nee swede end \10.0) 2.6) 3.7| 0.6) 0.4 0.2) 2.5 
Alfalfa (dried and powdered)............. 2.0) 0.3 0.7} 0.1) 0.2) 0.6) 0.1 
Element. Per cent of diet. | Per cent of calories, 
(SE ROED TO TOOT EE EET 69.5 71.2 
RE ee Re ee eee 4.4 3.8 
RS oe a tanned 10.7 25.0 
RE ESE een enn rea eR 7.5 
ID soho iod cae aol craic wate a oatie ak iAoe 0.8 
ERDAS Aegean earn peer em apna ee ear a - 











*1 gm. = 4.03 calories. 


often enough been made in feeding experiments, but it is none the 
less unwarranted. For it is always possible that a food which 
contains an excess of any one element may thereby be rendered 
so unsuitable that it will not be eaten in sufficient quantity and 
that in certain organs deficiency effects may then appear although 
the body weight remains uninfluenced. The final exclusion of 
food deficiency as a possible factor can be accomplished only by 
measurements of the food consumption. In our experiments 
this was made a relatively simple matter by the construction of 
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food boxes from which the rats were able to remove only the food 
which they had swallowed. The food mixtures were so oily that 
there was no loss of weight by evaporation so it was only necessary 
to weigh the box after an excess of food had been introduced to 
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Fic. 2. Average body weight and food consumption of female rats of the 
first series of experiments (330 days). Control diet = 0, cystine diet = 0, 
high protein diet = @. 


determine at a later date from the decrease in weight how much 
food had been eaten. The food intake of each group of six rats 
was thus measured every 5 days and the body weight of each 
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Fic. 3. Average body weight and food consumption of male rats of the 
. second series of experiments (360 days). Control diet = 0, cystine diet = 
0, high protein diet = @. 
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individual rat was noted every 10 days. From these data the 
graphs of the average food consumption and body weight for 
each experiment have been constructed. Figs. 1 and 2 are the 
results on the first series of experiments, male and female groups 
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Fia. 4. Average body weight and food consumption of female rats of the : 
second series of experiments (360 days). Control diet = 0, cystine diet = 
©, high protein diet = @. 


which lived on the diets from 30 days of age to 330 days, and } 
Figs. 3 and 4 are from the second series, male and female groups | 
which were not killed until they were 360 days old. 7 
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The outstanding feature in these graphs is the failure of the 
rats on the high protein diet to attain to the weight of the controls. 
With the exception of the female group shown in Fig. 4 there is 
from the beginning a failure to grow as quickly as the controls 
and as time goes on the weight differences widen. The food 
consumption curves show that in general the high protein groups 
ate slightly more calories per 100 gm. of body weight than the con- 
trols and they therefore took appreciably more vitamins and min- 
erals since their food had a caloric value of only 4 calories per 
gm. whereas the control diet had a value of 4.8 calories per gm. 
It is therefore certain that the lower body weight of the high 
protein groups was not due to an insufficient supply of any es- 
sential food. 














TABLE III, 
Live Body Weights in Gm. at 330 Days of Age. 
Donald- Controls. Cystine. High protein. 
son's 
average. | Series 1. | Series 2. | Series 1. | Series 2. | Series 1. | Series 2. 
| 

er 278 426 435 444 456 336 366 
Female...... (230) * 282 265 277 240 217 247 








* Some of the rats from which Donaldson derived this average had borne 
litters. Such animals are generally appreciably heavier than rats of the 
same age which have never been pregnant, as was the case with our animals. 


The body weight of the rats on the high protein diets was 
defective as compared with our controls but it was greater than 
the standard normal values given by Donaldson (2). The body 
weights on the 330th day of age are compared with Donaldson’s 
in Table III. There was thus no growth inhibition, only a failure 
to reach the quite unusual weights of our control and cystine rats. 

We had expected to follow the urinary changes throughout the 
whole course of the experiments, but it was not until more than 
half of their total duration had elapsed that we succeeded in 
devising fairly satisfactory methods for a quantitative measure 
of the changes in the rate of excretion of the protein and the 
formed elements in the urine. For the collection of urine each 
animal was placed in a small round wire cage set over a glass 
funnel. At the beginning and end of a 12 hour period the bladder 
was emptied by making the rats inhale a little ether. This pro- 
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cedure is invariably followed by urination. At the end of the 
period the rat was held over a centrifuge tube while the ether 
was given, and in this manner clean urine was obtained for micro- 
scopical examination. The volume thus directly collected aver- 
aged nearly 20 per cent of the total amount in 12 hours and so 
no serious error was introduced by calculating from the number 
of cells counted in this portion what might have been expected 
if the whole volume had been sampled. The technique of count- 
ing has recently been described (3). The method of Shevky and 
Stafford (4) was used for the determination of protein but it 
was found that irregular results were obtained unless the urine 
was diluted to five times its volume with water. Since the con- 
centration of protein in rat urine is sometimes quite low we had 
to have special tubes with fine graduations constructed. By 
TABLE IV. 


Averages of 12 Hour Rates of Excretion in Urine from Serres 1 and 2 Expressed 
as Rates per Gm. of Renal Tissue. 
































Male. Female. 
~ ep High " - High 
Con- Cys- Con- Cys- 
trol. a or of > so = 
ein, tein. 
I ee ee ree 1.2 1.1 | 2.0 1.3 | 1.3 1.8 
ee eer 2.2 | 2.9 | 4.1 | 0.7 | 0.65 | 0.96 
White and epithelial cells... ......./24,000 30, 000/21 : 200) 30 , 000}27 , 000) 32,000 








these means data were collected which, though negative from the 
point of view of the detection of renal abnormalities, have an 
interest of theirown. The average results as rates per gm. of renal 
tissue are given in Table IV. 

The number of white blood cells and of epithelial cells shows 
no significant variation in any of the experiments. The greater 
volume of urine from the rats on the high protein diet is only 
what might have been anticipated. But the higher rate of 
protein excretion in the males than in the females was unexpected 
and as yet no adequate cause has been found for the difference. 
It will be noted also that the average rate of excretion is appre- 
ciably higher in both males and females in the high protein than 
in the control or cystine rats. The average individual rates from 
all the groups are charted in Fig. 5. 
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the These graphs reveal the fact that the average increase in the 
her rate of protein excretion by the rats on the high protein diet 
TO- arises from a temporary marked increase and is not due to a 
er- constantly maintained higher level of excretion nor to any steadily 
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& augmenting rise as the duration of the experiment is extended. 
an On this account its meaning is uncertain and will probably remain 
m obseure until we learn something of the general significance of 
the excretion of protein by all rats. 
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Red blood cells were often present in considerable numbers jp 
the urine of the control rats. In 78 control urines there wer 
2 in which there was macroscopic blood and lesser degrees of 
hematuria recognizable only on microscopical examination were 
frequently but quite irregularly observed. In the cystine groups 
4 urines out of 84 were grossly bloody and in the high protein 
experiments in 90 urines examined 3 were found to be red or brown 
with blood. It seems likely that at one time or another red blood 
cells were present in the urine of every male rat under observation. 
In the females they were definitely less often seen. Although 
the total amount of blood excreted was probably somewhat 
greater in the cystine and high protein rats than in the controls, 
the difference was certainly slight. 

An occasional hyaline cast was found at one time or another 
in the urine collected from nearly all of the experiments. They 
were no more frequent in the high protein than in the control or 
cystine groups. In the rat as in man a small number of casts 
is constantly being excreted, so that it is not the presence of 
casts but an increase in their number which indicates an abnor- 
mality of the kidney. Since the concentration and reaction of 
the urines we examined were favorable to the preservation of 
casts we regard our negative findings as strong evidence against 
the existence of any active renal lesions of the types met with in 
Bright’s disease. 

The single instance of a positive finding remains to be described. 
It occurred in a male in the first series on the cystine diet. A 
marked increase in the rate of protein excretion and the presence 
of numerous casts was noted at the first examination at the 258th 
day of age. At the end of the experiment the concentration of 
protein in the urine was over 2 per cent and 51 mg. were excreted 
in 12 hours. The number of casts was calculated as 82,000 per 
12 hours. Of these 1 per cent was epithelial, 0.5 per cent waxy, 
and the remainder was hyaline casts sprinkled over with fat 
droplets. ‘The number of epithelial cells and of white blood cells 
was greatly increased and present in greater number than the 
red blood cells. It was estimated that in the 12 hour urine 
there were 1,240,000 epithelial and white blood cells and 330,000 
red blood cells. In a human urine such a sediment is typical 
of an active degenerative renallesion. This rat had grown rapidly 
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up to its 80th day but had lagged somewhat thereafter though it 
never fell appreciably beyond the group variation and in the end 
weighed only 5 gm. less than another rat in the same experiment. 
The blood urea concentration on the 330th day was 68.2 mg. 
per 100 cc. while the average for the rest of the group was 27.5 mg. 

At the end of the experiments the animals were anesthetized 
and while the heart was still beating blood was collected from the 
abdominal aorta. The blood urea concentration was determined 




















TABLE V. 
Average Blood Urea Concentrations. Mg. per 100 Cc. 
Male. Female. 
Control. | Cystine. a... 4 Control. | Cystine. R.. J 
Serene 30 2 27.5 (34.5) | 33.5 41.7 2.9 
lk. ree 27.6 22.5 58.6 35.5 32.9 63.0 
TABLE VI. 


Body Weights (Less Gastrointestinal Weight) and Lengths Expressed as a 
Percentage of the Control Weights and Lengths at the End of the Experiments. 

















Males, Females. 
Controls. guile. Controls. e.. ¥ 
per cent per cent per cent per cent 
Series 1. Weight. 100 75 100 74 
Length. 100 96 100 96 
Series 2. Weight. 100 82 100 75 
Length. 100 97 100 100 














in each rat. 
centrations varied very little within each group. 
are given in Table V. 

The results in the control and cystine experiments are close to 
the averages we have compiled from observations on year old rats 
on a standard diet almost identical with the control diet used in 
these experiments. ‘The higher level attained in the high protein 
experiments is a result of the large nitrogen consumption and 
parallels a similar effect observed in man on high protein diets 


With the single exception mentioned above the con- 
The averages 
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(5). Itis only a transient phenomenon, for the blood urea quickly 
falls to the usual level when food is withheld. In the males in 
Series 1 it will be noted that the concentration is much lower 
than in the other high protein groups. In this case urine had 
been collected just before they were killed and they had conse- 
quently taken no food for 12 hours. 

On postmortem examination the principal cause of the relatively 
low body weight of the high protein rats was found to be an 
absence of fat. This had indeed been evident during life, but 
it was strikingly demonstrated when the abdominal cavity was 


TABLE VII. 
Organ Weights per 100 Mm. of Body Length. 











Males, | Females, 
ig | | Hig 
Cu- | Cro | High | Gon. | cys- | High 
. pro- tine | pro- 
teir tein 


trols. 
| ein, 





246 | 229 (214 |214 [206 


trols. | tine. 
| 
| 
| 


Series 1. Length, mm. {240 




















Weight, gm. [161 | 164 126/126 118 | 94 
Liver, “ 5.16} 5.06) 3.82} 4.37) 4.08) 3.26 
Heart, mg. {446 | 428 | 455 (351 [376 |364 
Kidneys, “ 896 | 925 |1060 |697 (755 - 
Series 2. Length, mm. 244 | 249 237 la13 x ‘212 
Weight, gm. 170 | 169 | 143 |us |99 | 92 
Liver, “ 5.64 5.69] 4.69} 4.34) 4.00) 3.45 
Heart, mg. 449 443 | 449 370 [345 = |372 
Kidneys, “* 973 1000 i! 154 741 1725 S64 


opened, for instead of the heavy layer of postperitoneal fat seen 
in the control and cystine rats only a small shrunken pad was 
left around the kidneys and elsewhere the bare muscles could 
be seen through the peritoneum. Whether all of the difference 
in the weights of the high protein and control rats can be accounted 
for by a failure to store fat is uncertain, but a comparison of the 
weights and lengths expressed as a percentage of the control 
weights and lengths suggests that this one difference is almost 
enough to account for the discrepancy. (Table VI.) 

The complete postmortem records show that no gross abnor- 
malities were found in the control rats with the exception of two 
instances of lipomata in the mesentery. 
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or- ; ss _ ; 
a described by Hektoen (6), a condition which Donaldson (2) has 


found to be very commonly present in all old rats. 
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In the high protein rats which were kept on the diet for 330 
days there was 1 with middle ear disease and 2 with unilateral 
hydronephrosis. In the 360 day groups 1 male had renal calculi 
with hydronephrosis. Of the 6 females in the series 5 had varying 
degrees of pneumonia. The “wheezy” breathing characteristic 
of the more advanced stages of this condition had been noted 
shortly before they were killed, and this lung condition is probably 
responsible for the loss of body weight observed during the last 
20 days of life in this experiment. 

On microscopical examination no difference could be detected 
between the kidneys of the control, cystine, and high protein 
groups. Careful measurements might have shown an increase 
in the size of the proximal convoluted cells and of the glomeruli 
in the high protein rats but it was not apparent at a glance. 

The weight of the body minus the gastrointestinal tract, and 
the weights of the liver, heart, and kidneys were expressed as 
gm. “r mg. per 100 mm. of body length (from the snout to the 
anus). The results are given in Table VII. 

In order to make the weights observed in different experiments 
comparable with one another, the control weights have been taken 
as representing 100 per cent and the weights in the corresponding 
cystine and high protein expressed in proportion. These figures 
are charted in Fig. 6. 

The only significant deviations as determined from a comparison 
of the actual differences from the control with the “probable 
differences” are in the high protein experiments. The weights 
of the body as a whole and of the liver are much lower than can 
be accounted for by chance while the kidney weights are con- 

siderably higher than the outermost range of accidental variation. 


DISCUSSION. 


All the precautions observed in these experiments have been 
specified with what may have seemed an unnecessary attention 
to detail. This is the result of an attentive reading of the liter- 
ature on the effects of high protein diets. For it may be said 
that there would probably be much less difficulty in understanding 
the diversity of the results which have been obtained if all the 
significant features of the various experimental procedures had 
been fully described. As it is the lack of detail has been such 
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that those who have failed to find pathological changes in the 
kidney have been able to suggest that the lesions which were 
found may very well have been caused by other factors besides 
the high concentration of protein in the food. Indeed it seems 
very likely that certain of the high protein diets which have been 
used have also been defective diets. We do not think that this 
is the only reason for the difference in results, but as several 
investigators have not yet published their work in full, we shall 
not discuss these possibilities but shall content ourselves with 
saying that in so far as damage to the kidney from high protein 
diets is concerned, we are in agreement with the statement in the 
preliminary paper of Osborne, Mendel, Park, and Darrow (7) 
and with the reports of Drummond, Crowden, and Hill (8), of 
Reader and Drummond (9), of Miller (10), and of Jackson and 
Riggs (11) to the effect that no deleterious structural effects were 
produced. We can also fully confirm the conclusion of Jackson 
and Riggs that a study of the urine and blood gives no indication 
of any renal abnormality. On the other hand renal lesions which 
appear to be degenerative in nature have been found in rabbits 
kept on a diet containing a moderate excess of protein by New- 
burgh (12) and by Polvogt, McCollum, and Simmonds (13) and 
by Evans and Risley (14) in rats. Newburgh, Marsh, Clark- 
son, and Curtis (15) have also observed evidences of the ex- 
istence of pathological changes in the kidneys of rats to whose 
food even less than 1 per cent of cystine had been added. These 
results are important because they are positive. Our negative 
findings are not directly opposed, since we did not attempt to 
duplicate their conditions, nor are our results so general in nature 
that they can be regarded as final. But they do quite decisively 
prove that rats can live for a third of their life span on a diet 
very high in casein or with added cystine and yet escape any 
damage to their kidneys. This fact leads us to reject the hy- 
pothesis that a large consumption of protein is in and by itself 
necessarily harmful to the kidneys. 

The only constant effects of these diets, if we except the inter- 
esting but obscure influence of the high protein diet on the rate 
of protein excretion, was a slight hypertrophy of the kidney, a 
decrease in the weight of the liver, and a failure to store fat when 
the bulk of the food consisted of casein. 
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CONCLUSIONS. 


1. Rats which lived for one-third of their life time on a diet 
which contained 70 per cent of protein grew nearly to the same 
length as the controls but had a lower body weight as a conse- 
quence of an almost complete absence of fat. There was an in- 
crease in the weight of the kidney and a decrease in the weight 
of the liver. 

2. No pathological changes were found in the urine or in the 
kidneys of the rats which had lived on 70 per cent protein, or ona 
diet which contained 1 per cent of cystine. 
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THE EFFECT ON THE KIDNEY OF THE LONG CONTINUED 
ADMINISTRATION OF DIETS CONTAINING AN 
EXCESS OF CERTAIN FOOD ELEMENTS. 


lI. EXCESS OF ACID AND OF ALKALI.* 


By T. ADDIS, EATON M. MacKAY, anp LOIS LOCKARD MacKAY. 


(From the Department of Medicine of Stanford University Medical School, 
San Francisco.) 


(Received for publication, August 27, 1926.) 


From time to time it has been suggested that the long continued 
consumption of food which contains an excess of acid may ulti- 
mately lead to the development of pathological changes in the 
kidney. Sansum, Blatherwick, and Smith (1) have adopted this 
hypothesis and have advocated the use of “basic diets’’ in the 
treatment of Bright’s disease and arteriosclerosis, and Nuzum, 
Osborne, and Sansum (2) observed a rise of blood pressure and the 
appearance of atherosclerosis and of renal lesions in rabbits kept 
for a long time on acid diets. There is thus reason for an investi- 
gation into the effect on the kidney of an excess of acid and of basic 
radicals, quite apart from the interest of a study of their influence 
on nutrition in general. 

We have used the methods which are given in detail in the pre- 
ceding paper. The animals there described as controls serve the 
same purpose for the experiments reported here. 

The acid diet was made by thoroughly mixing 2 gm. of CaCl. 
with every 98 gm. of the control diet whose exact composition has 
already been explained. The grains of the finely powdered 
CaCl evidently became covered with a film of oil in the process of 
mixing, for there was no weight change when the food was exposed 
toair. Haldane, Hill, and Luck (3) showed that the oral admin- 
istration of CaCl, is equivalent in effect to giving HCl because 
most of the Ca remains in the intestine while the Cl is absorbed. 
In a quantitative study of this phenomenon Gamble, Ross, and 
Tisdall (4) demonstrated that about 40 per cent of the chlorine in 


* This work was aided by the Wellington Gregg Fund for the investi- 
gation of Bright’s disease. 
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CaCl, acted within the body as HCl. If we accept this as true 
for the rat, 100 gm. of the CaCl, diet would contain the equivalent 
of 144 cc. of 0.1N HCl. A man who took enough of this diet to 
provide 2500 calories would consume the equivalent of 768 ce. 
of 0.1 n HCl daily. 

The alkaline diet was made by mixing 4 gm. of NaHCO; with 
each 96 gm. of the control diet. For man this food would involve 
the consumption every day of about 2560 cc. of 0.1 N NaOH. 


TABLE IL. 
Average Percentages of Total Nz Excreted as Ammonia. 











Total urine Nz. Ammonia N3. Ammonia N2. 
Mg. per rat Mg. per rat Per cent of 
per 24 hrs, per 24 hrs. total N:. 
Controls (cystine)........... 138 6.2 7.5 
a a hands wigan x08 188 12.9 11.4 
Alkaline diet................. 120 2.7 3.8 
TABLE II. 


Averages of 12 Hour Rates of Excretion in Urine from Series 1 and 2 Expressed 
as Rates per Gm. of Renal Tissue. 





Male. Female. 





Con- . Alka- | Con- : Alka- 
trol. Acid. line. trol. Acid. line. 








git Coie Kg taal REE ORF SRF eee ee 
a eee ee ae | 3.3 0.7 | 04/08 
White and epithelial cells......... 24 000/20 , 000/32 , 000/30 , 000/20 , 000) 46 , 000 














In other experiments with these diets we had found that the 
average reaction of the urine was pH 6.4 with the control diet, 
5.2 with the acid diet, and 6.9 with the alkaline diet. It may be 
that similar differences in reaction were not maintained in the 
present experiments throughout their whole duration, for towards 
their close ammonium-magnesium-phosphate crystals were some- 
times seen in the urinary sediment of the rats on the acid diet. 
But whatever adjustment may have occurred the measurements 
of the percentages of total nitrogen excreted as ammonia, which 
were obtained shortly before the animals were killed, indicate 
that even to the end the CaCl, diet was exerting an acid and the 
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Fia. 1. Average body weight and food consumption of male rats of the 
first series of experiments (330 days). Control diet = O, acid diet 


alkaline diet = O. 
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NaHCO; diet an alkaline effect on the form of nitrogen excretion 


(Table I). 


Two series of experiments were completed, the first running from 
30 days to 330 days of age and the second from 30 days until the 
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Fia. 2. Average body weight and food consumption of female rats of the 
first series of experiments (230 days). Control diet = O, acid diet 
alkaline diet = o. 


animals were 360 days old. 
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The body weight and food consump- 


tion curves for male and female rats for both series are given in 


Figs. 1 to 
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The acid diet rats at first grew almost but not quite as quickly 
as the controls but from about the 120th day of age they ceased to 


gain and thereafter tended slowly to lose in weight. 


The food 
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Fig. 4. Average body weight and food consumption of female rats of 


the second series of experiments (360 days). Control diet = 
= ©, alkaline diet = O. 


O, acid diet 


graph reveals the paradoxical circumstance that not only is this 
not to be explained by an insufficient food supply but that on the 
contrary the inhibition of growth and failure of maintenance 
occurs in spite of a food intake which considerably exceeds that 


of the controls. 
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The alkaline diet rats continued to gain in weight throughout the 
whole period of observation but though they took as much to eat 
as the controls their rate of increase in weight was less rapid. 

The average urine volumes, amounts of protein, and number of 
white blood and epithelial cells expressed as 12 hour rates per gm. 
of renal tissue are given in Table II. 

Apart from the slight increase in urine volume and in the number 
of white blood and epithelial cells in the urine of the rats on the 
alkaline diet, the only striking fact in this table is the decrease in 
the rate of protein excretion in the urine of the acid diet rats. In 
all the four experiments the amount of protein eliminated by these 
animals is only about half of the quantity excreted by the controls. 
The decrease cannot be accounted for simply as a result of the 
absence of blood in the urine of this group. 


TABLE ill. 
Average Blood Urea Concentrations. Mg. per 100 Cc. 














Male. Female. 
Control. Acid, Alkaline. | Control, Acid, Alkaline. 
BE Dis snviexneene 30.2 30.5 36.1 33.5 36.3 40.9 
i Sem 43.3 35.7 35.5 44.0 36.1 





As in the preceding experiments an occasional cast was now and 
then discovered but no more frequently in one group than in 
another. 

A difference in the amount of blood in the urine was the most 
pronounced and constant effect associated with these diets. Inthe 
control group, as has already been shown, there were 2 urines of 
the 78 examined in which the presence of blood was obvious, and 
on microscopical examination some red cells were usually to be 
found. But in the alkaline diet urines 24 of the 72 specimens con- 
tained large amounts of blood. With one exception these in- 
stances of gross hematuria occurred in male rats. But even in 
the urine from the females and in the apparently normal urines 
from the males hundreds of thousands of red cells were found. In 
sharp contrast to the hemorrhagic urines of the alkaline diet rats 
were the uniformly clear amber-colored collections obtained from 
the animals on the acid diet. The distinction was only deepened 
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by the microscopical examination for in not one of the urines 
obtained from these 24 rats was there a single red blood cell to be 
seen. 

The blood urea concentrations measured at the conclusion of 
the experiments were in all cases within the range of normal 
variation. The averages are given in Table III. 

No gross abnormalities were found at postmortem examination 
in any of the rats on the acid diet. There was perhaps somewhat 
less fat than in the controls, but the difference in the weight was 
due in the main to the generally reduced bulk of the animals. 






































TABLE Iv, 
Organ Weights per 100 Mm. of Body Length. 
Males. Females. 
Con- Alka- | Con- : Alka- 
Gem | acta. | Se | Com | ania. | ime 
Series 1. Length, mm. 240 (|218 /|231 |214 {199 lo12 
Weight, gm. 161 88 {126 /|126 70 {100 
Liver, “ 5.16} 4.12} 4.04 4.37) 3.46) 3.67 
Heart, mg. 446 (344 |415 |351 [298 (345 
Kidneys, “ 898 |941 {885 |697 |707  /732 
Series 2. Length, mm. 244 (215 |233 (213 |203_ (Ia212 
Weight, gm. 170 76/136 [118 69 {108 
Liver, “ 5.64) 3.92) 4.31) 4.34 3.46} 3.49 
Heart, mg 449 (338 (400 [370 [299 (347 
Kidneys, “ lo73, 955 964 [741 [za7_—_|748 











In the rats on the alkaline diet there were 7 of the 24 in which 
hydronephrosis of one or both kidneys was present, although in no 
instance was the condition so far advanced as to have produced an 
appreciable renal atrophy. The dilated pelves were full of bloody 
urine. Apart from the mechanical effects of the hydronephrosis 
there were no apparent microscopical differences between the 
kidneys of the control, acid, and alkaline rats. The organ weights 
per 100 mm. of body length are given in Table IV and these figures 
expressed as a percentage of the control weights have been charted 
in Fig 5. 

In both the acid and alkaline diet rats there is a significant 
reduction in the weight of the liver, but no noteworthy change 
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the kidney weights. The pronounced decrease in the weight of 
the heart in all the acid experiments is curious and quite unex- 


Boby LIVER | HEART | HIONEY Baby LIVER | HEART | KIDNEY 


WEIGHTS 


CONTROL 


MALES 
SERIES -/ 


PERCENTAGE OF 





FEMALES FEMALES 
SERIES -/ SERIES 2 


WEIGHTS PER 100 MILLIMETERS BODY LENGTH 


Fig. 5. Weight of the body, liver, heart, and kidney of rats on acid and 
on alkaline diets expressed in relation to the same weights from rats on the 
control diet. Weights in the control rats per 100 mm. of body length = 100. 
Control diet = O, acid diet = ©, alkaline diet = 0. 


plained. It appears to be a specific effect of the acid diet for on 
all the other diets, high protein and cystine as well as alkaline, 
the heart weight remains constant. 
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Whatever may be the immediate cause of the disproportionate 
diminution in the size of the heart in this group, the fact as such 
stands in opposition to the hypothesis advanced by Nuzum and 
his collaborators that his acid diets produced an increase in blood 
pressure by virtue of their acidity. 


CONCLUSIONS, 


1. No pathological changes were found in the urine or in the 
kidneys of albino rats after they hal lived for about one-third 
of their average life time on a diet which was made acid by the 
addition of calcium chloride. 

2. Hydronephrosis was found in 7 of the 24 rats fed for a long 
time on a diet which contained 4 per cent of sodium bicarbonate. 

3. Red blood cells in small numbers were frequently found 
in the urine of the rats on the control diet, but no red blood 
cells were ever seen in the urine of the rats on the calcium chloride 
diet. On the other hand the urine of the rats on the sodium bi- 
carbonate diet was often red with blood and large numbers of red 
blood cells were always found on microscopical examinations. 

4. The rate of protein excretion in the urine of the rats on the 
acid diet was reduced to about half of the quantity measured in 
the urine of the rats on the control diet. 

5. In the rats on the acid diet the body weight and the weight 
of the heart per 100 mm. of body length was much less than in 
the controls. The weight of the liver was decreased in the rats 
from both the acid and the alkaline diet but the kidney weights 
were not appreciably different from the values obtained in the 
controls. 
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THE ACTION OF HYDRAZINE HYDRATE ON URIDINE. 
By P. A. LEVENE anp LAWRENCE W. BASS, 
(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 
(Received for publication, October 29, 1926.) 


In previous communications' from this laboratory, evidence has 
been submitted supporting the view that in the pyrimidine 
nucleosides the sugar molecule is linked to nitrogen atom (3). 
We are now able to report in favor of this structure additional, 
more conclusive evidence based on an investigation of the action 
of hydrazine on uridine. 

It has recently been shown? that hydrazine reacts with uracil 
to form urea and pyrazolone, 


1 HN-CO 6 NH, NH, OC — NH 
| | | 

2 OC CH 5 + — cO +HC 
| | | ll 

3 HN-CH 4 NH; NH, HC — NH 


the two products of the reaction being isolated as xanthyl deriva- 
tives. Analogously, thymine yields urea and 4-methylpyrazolone. 

An extension of this reaction to uridine should theoretically 
lead to definite evidence in regard to the position of the sugar 
linkage. If the sugar is in position (3), we may expect to obtain as 
primary products pyrazolone and urea riboside: 


HN — CO NH; NH; OC — NH 
| | | | 
0c cH + | —— cO + HC 


| | | 
C.H,O, - N — CH NH; C;H,O,- NH HC — NH 
‘Levene, P. A., and La Forge, F. B., Ber. chem. Ges., 1912, xlv, 608. 
Levene, P. A., J. Biol. Chem., 1925, Ixiii, 653. Levene, P. A., Bass, L. W., 
and Simms, H.S., J. Biol. Chem., 1926, Ixx, 229. 
* Fosse, R., Hieulle, A., and Bass, L. W., Compt. rend. Acad., 1924, 
elxxviii, 811. 
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On the other hand, if the sugar is linked to carbon atom (4), we 
may expect to obtain urea and the ribose derivative of pyrazolone. 
The products indicated in one or the other of these reactions should 
theoretically be formed, provided that the linkage between the 
sugar and the pyrimidine is not broken by the action of hydrazine. 

If ribose were linked to carbon atom (4) of the pyrimidine, it is 
reasonable to assume a priori that the union would resist the 
action of hydrazine, since in this case the sugar would be united 
to the pyrimidine by a carbon to carbon bond. 

It is difficult, however, to predict on theoretical grounds whether 
the sugar would be split off by the action of hydrazine if it were 
united to the pyrimidine in position (3). It was therefore necessary 
to test this possibility experimentally. 

Fischer and Helferich* and Levene and Sobotka*‘ were unsuccess- 
ful in their attempts to prepare pyrimidine glucosides with the 
sugar attached toa nitrogen atom. Since no suitable pyrimidine 
derivative was available, experiments were performed on urea 
glucoside, inasmuch as uracil may be regarded as a substituted 
urea. These experiments proved, first, that this glucoside is not 
hydrolyzed by hydrazine, since it is not possible to isolate urea 
from the reaction product by means of xanthydrol, whereas urea 
is readily isolated from a mixture of urea, glucose, and hydrazine. 
Second, it was shown that urea glucoside reacts with hydrazine 
to form a product which does not yield an insoluble xanthyl 
derivative. This conclusion was drawn from the following experi- 
mental results. When urea glucoside is treated with xanthydrol 
in acetic acid solution, it forms a characteristic monoxanthyl 
derivative (unsubstituted urea yields a dixanthyl derivative). 
However, if urea glucoside is first warmed with hydrazine, neither 
xanthyl urea glucoside nor dixanthylurea can be isolated from the 
reaction product. 

On the basis of these considerations the following conclusions 
were formulated: 

1. The isolation of a ribose-free pyrazolone derivative from the 
product of the reaction between uridine and hydrazine may be 
regarded as an indication that ribose is linked to the pyrimidine 
in position (3). 

3 Fischer, E., and Helferich, B., Ber. chem. Ges., 1914, xlvii, 210. Fischer, 


E., Ber. chem. Ges., 1914, xlvii, 1377. 
* Levene, P. A., and Sobotka, H., J. Biol. Chem., 1925, lxv, 469 
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2. The isolation of free urea may be regarded as evidence in 
favor of the linkage in position (4). 

From this standpoint, the experiments on uridine afforded 
convincing evidence in favor of the structure which assumes a 
union of the sugar with nitrogen atom (3) of the pyrimidine. 
From the reaction product, ribose-free pyrazolone was isolated in 
the form of its dixanthyl derivative. Furthermore, it was shown 
that free urea was not formed in appreciable quantity (if at all). 
Further efforts are being directed toward the isolation of the 
hydrazine derivative of urea riboside. 


SUMMARY. 


1. It has been shown by Fosse, Hieulle, and Bass that uracil 
reacts with hydrazine to form urea and pyrazolone. 

2. Urea can be isolated by means of xanthydrol from a mixture 
containing urea, glucose, and hydrazine. 

3. Urea glucoside forms a difficultly soluble monoxanthyl 
derivative. 

4. From the reaction product of hydrazine and urea glucoside 
neither free urea nor urea glucoside can be isolated by means of 
xanthydrol. 

5. From the reaction product of hydrazine and uridine a ribose- 
free derivative of pyrazolone, but no perceptible quantities of 
urea, can be isolated. 

6. It is therefore concluded that no perceptible quantity of 
ribose is liberated from uridine by the action of hydrazine, and 
hence, that the isolation of ribose-free pyrazolone is an indication 
that in uridine the union of ribose to uracil is in position (3) of 
the pyrimidine. This conclusion is further supported by the 
failure to isolate an appreciable quantity of urea. 


EXPERIMENTAL. 
Action of Hydrazine on Uridine. 


0.4 gm. of uridine was heated in a stoppered test-tube with 
1.00 cc. of hydrazine hydrate® at 65°C. for 1 hour. The reaction 
mixture, which consisted of a turbid, light brown solution, was 


§ Kahlbaum hydrazine hydrate for analysis. 
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washed into a flask with 13.0 cc. of water and 14.0 ce. of glacial 
acetic acid. To this solution was added a solution of 1.4 gm. 
(> 4 mols)® of xanthydrol in 14.0 ce. of glacial acetic acid. After 
standing overnight, the precipitate was filtered off by suction and 
was then washed with water, alcohol, and again with water. The 
dried product, after recrystallization from acetone, melted at 
210-213°C. ‘The recrystallized material, after drying at 100°C. 
under reduced pressure over sulfuric acid, gave an analysis cor- 
responding to dixanthylpyrazolone. 


No. 520. 0.1018 gm. substance: 0.2910 gm. CO, and 0.0420 gm. H.0. 
0.1455 “ ” : (Dumas) 7.80 cc. Ng at 21°C. and 
769 mm, 
C2sH2.03;N2. Calculated. C 


78 38, H 4.54, N 6.30. 
Found. ‘ 77.95, 


95, “* 4.64, “© 6.32. 


In a series of experiments, each with 0.40 gm. of uridine, the 
precipitate obtained by means of xanthydrol weighed 0.50 to 
0.70 gm. Assuming that the precipitate consisted entirely of 
dixanthylpyrazolone, these values correspond to 0.09 to 0.13 gm. 
of pyrazolone,’ or 0.27 to 0.38 gm. of uridine. 

Although urea is precipitated quantitatively® by xanthydrol 
under these conditions, none of these precipitates appeared to 
contain dixanthylurea, the strongest proof of this conclusion 
being their complete solubility in comparatively small volumes of 
acetone. In this connection it should be noted that in the work 
on uracil? the isolation of dixanthylurea was accomplished by 
extracting the dixanthylpyrazolone from the mixture by means 
of acetone. 

To substantiate our conclusion that these two xanthyl deriva- 
tives could be separated by fractional solution in acetone, it was 
necessary to determine approximately their solubilities in this 
solvent. The solubility of dixanthylpyrazolone is roughly 0.2 
gm. per 100 cc. of acetone at the boiling point, while the solubility 
of dixanthylurea is less than 0.008 gm. per 100 ce. 

A second series of experiments with uridine was then performed 

6 Four mols of xanthydrol were employed to insure complete precipi- 
tation of the possible products of the reaction; 7.e., urea and pyrazolone. 

7 It is not known whether pyrazolone is precipitated quantitatively by 
xanthydrol. 

s ’osse, R., Ann. Inst. Pasteur, 1916, xxx, 525. 
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lacial according to the following procedure. 0.20 gm. of the nucleoside 

! gm. was heated with 1.00 cc. of hydrazine at 65°C. for 1 hour. The 

After precipitation with 4 mols of xanthydrol was carried out as in the 

1and | preceding experiments. The precipitates weighed 0.25 to 0.28 
The gm. (= 0.048t00.053 gm. of pyrazolone = 0.14to00.15gm. ofuridine), 

d at and were completely soluble in 100 to 125 ce. of acetone. Hence, 

00°C, if dixanthylurea were present, the quantity was less than 0.01 gm. 
cor- (= 0.001 gm. of urea = 0.006 gm. of uridine). 


Isolation of Urea from Reaction Mixtures Containing Hydrazine 
0. and a Sugar. 


- and . ‘ a Oe ‘ 
It has already been shown in the investigation of the action of 


hydrazine on uracil? that urea can be isolated from a reaction 
mixture containing pyrazolone and excess hydrazine. In order to 
comply with the conditions of our experiments, it was necessary 


, the : : ; 
Ot to prove that urea can also be isolated from a reaction mixture 
0 to a ; 
' containing hydrazine and a sugar. 
y 0 


0.1 gm. of urea was heated with 0.5 cc. of hydrazine at 65°C. 
m. , : : al 

6 for 1 hour. From the reaction mixture the urea was precipitated 
as dixanthylurea. After recrystallization from pyridine it melted 


drol ae ig : 
it at 263°C. For analysis it was dried at 100°C. under reduced 
d to : ' 
; pressure over sulfuric acid. 
sion 
es of Neo. 515. 0.1000 gm. substance: 0.2830 gm. CO, and 0.0426 gm. H,O. 
vork 0.1610 “ “ (Dumas) 9.50 ec. Ny at 28°C. and 
| by 759 mm. 
” Cyz7HyO3Ne2. Calculated. C 77.14, H 4.81, N 6.66. 
— Found. “77.17, “ 4.77, “ 6.70. 
‘iva- A mixture of 0.1 gm. of urea and 0.3 gm. of glucose was heated 
was with 0.5 cc. of hydrazine at 65°C. for 1 hour. The dixanthylurea 
this was precipitated and purified as in the preceding experiment. It 
0.2 melted at 263°C. and gave the following analysis. 
lity 
, No. 516. 0.0979 gm. substance: 0.2786 gm. CO» and 0.0420 gm. H,.O. 
0.1562 *“ ” : (Dumas) 9.00 cc. Ne at 25°C. and 
ned 761 mm. 
— Co7H2OsN2. Caleulated. C 77.14, H 4.81, N 6.66. 
>I pl- 
. Found. “« 77.60, ‘* 4.80, “ 6.60. 
by 


A similar result was obtained when ribose was substituted for 
glucose. 
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Xanthyl Urea Glucoside. 


Urea glucoside was prepared according to the methods of 
Schoorl® and Helferich and Kosche.!° 

The xanthyl derivative was prepared by adding to a solution 
of 2.0 gm. of the ureide in 50.0 cc. of 50 per cent aqueous acetic 
acid a solution of 2.0 gm. (> 1 mol) of xanthydrol in 25.0 ce. 
of glacial acetic acid. The solution showed a yellow color for an 
instant, then became very viscous, and in a few minutes had 
become a heavy gel. This gel was very difficult to filter and 
attempts to purify the solid by recrystallization were unsuccessful. 
For purification it was washed repeatedly with alcohol on a suction 
filter. It was dried at 100°C. under reduced pressure over 
sulfuric acid. 


No. 365. 0.0975 gm. substance: 0.2124 gm. CO; and 0.0516 gm. H,0. 
0.1159 “ ” : (Dumas) 7.00 cc. Ng at 23°C. and 
748 mm. 
C2oH220;N2. Calculated. C 59.70, H 5.52, N 6.96. 
Found. ‘“* 59.40, ** 5.92, * 6.85. 


It melted with decomposition at 216—219°C. 
The substance was found to have a low levorotation in saturated 
solution in acetic acid but no accurate reading could be obtained. 


Action of Hydrazine on Urea Glucoside. 


0.4 gm. of urea glucoside was heated with 0.50 cc. of hydrazine 
and 1.00 cc. of water at 65°C. for 1 hour. On cooling, the clear 
solution solidified. A test with xanthydrol showed that neither 
urea glucoside nor free urea was present. 


® Schoorl, N., Rec. trav. chim. Pays-Bas, 1903, xxii, 31. 
10 Helferich, B., and Kosche, W., Ber. chem. Ges., 1926, lix, 69. 
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THE PYRIDINE TEST AS A QUANTITATIVE METHOD FOR 
THE ESTIMATION OF MINUTE AMOUNTS OF 
CHLOROFORM.* 


By WILLIAM H. COLE. 
(From the Biological Laboratories of Clark University, Worcester.) 


(Received for publication, October 20, 1926.) 
i. 


In spite of many investigations concerning the distribution and 
fate of anesthetic and lethal doses of chloroform in animal fluids, 
tissues, and organs,! there have been relatively few accurate 
quantitative determinations of the amounts of chloroform in 
various parts of the animal body following chloroform poisoning. 
The most reliable data are evidently those reported by Buck- 
master and Gardner (1906, 1907) for blood, and by Nicloux 
and Yovanovitch (1924, 1925) for nervous tissues and blood. The 
obvious reason for the absence of such determinations is the lack 
of any simple quantitative method whereby minute amounts of 
chloroform can easily be measured. This lack also explains why 
satisfactory studies on the permeability of animal and plant mem- 
branes to chloroform have not been made. Although there are 
several qualitative tests for chloroform, such as the phenylisocy- 
anide, resorcinol, naphthol, cyanide, and reduction tests (see 
Autenrieth and Warren, 1921, pp. 36-38), none of these is delicate 
enough to determine minute amounts, and some of them are too 
elaborate to be of much practical value. The important quanti- 
tative tests are those which involve the decomposition of chloro- 
form and the subsequent determination of chlorine, either by gravi- 


* A part of the expense of this investigation was defrayed by a grant from 
the American Association for the Advancement of Science. 

‘Some of the more important studies include those by Grehant and 
Quinquand, 1883; Luedeking, 1886; Pohl, 1890-91; Angiolani, 1891; Nicloux, 
1906, 1907; Nicloux and Yovanovitch, 1924; Buckmaster, 1917-18; Buck- 
master and Gardner, 1906, 1907; all of which are listed in the Bibliography 
of this paper. 


173 ° 








174 Chloroform Estimation with Pyridine 


metric or volumetric methods, as in those of Ludwig-Fisher:? 
Nicloux (1906, 1924), Gibson and Laidlaw (1922), Buckmaster 
and Gardner (1906, 1907), and others; all of these are laborious 
without being very delicate. Several years ago, however, Fuji- 
wara (1914, 1917) described the pyridine reaction with chloroform 
and related substances in the presence of strong alkali, stating that 
1 part of chloroform in a million parts of water could easily be de- 
tected. Later, Ross (1923-24) reported the same test, indicating 
the independent discovery that substances containing the R-C- 
halogen; group (chloroform, bromoform, chloretone, chloral, iodo- 
form, ete.) give a pink or red color to pyridine when the mixture 
is heated in the presence of sodium hydroxide. Fujiwara applied 
the test to extracts and distillates of animal fluids and tissues, 
attempting to estimate the amount of chloroform present by the 
depth of the color produced. These experiments suggested to the 
writer the possibility of developing the pyridine reaction quantita- 
tively, so that accurate determinations of the amounts of chloro- 
form and related substances present in solutions might be made. 
The value of such a simple and delicate test for studies on the 
permeability of membranes to chloroform, on the distribution of 
chloroform in the tissues of animals anesthetized or killed by chloro- 
form, as well as for the determinations of chloroform poisoning in 
medicolegal practice, is obvious. 


II, 


For quantitative estimations of chloroform, the procedure has 
been standardized and found satisfactory for measuring the 
amounts between 0.1 and 0.0001 per cent, or 0.01256 and 
0.00001256 molar concentrations, when the specific gravity is 1.5. 
Future experiments will deal with the test as applied to the other 
substances containing the R-C-halogen; group. The procedure 
in the case of chloroform is as follows. Into a narrow test-tube 
of about 10 ce. capacity are measured 2 cc. of 20 per cent NaOH 
from a long burette graduated to 0.1 ee. To this are added 1 ce. 
of chemically pure pyridine (colorless) from a similar burette, and 
1 cc. of the solution to be tested, measured by a 1 ce. pipette. 
The test-tube is loosely corked to prevent undue evaporation of 


2 See Autenrieth and Warren, 1921, p. 38. 
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the pyridine, and, with constant shaking, is immersed well above 
the liquid level for 1 minute in water at 100°C. The tube is trans- 
ferred to cold water until the temperature of the mixture has fallen 
to about 20°C. During the cooling, the pyridine and test solution, 
colored pink or red if chloroform is present, rise above the alkali, 
and are removed by a 1 cc. pipette to a color comparison tube. 
The solution may then be compared with color standards pre- 
viously made up to match the colors obtained from known con- 
centrations of chloroform. For quantitative work it is necessary 
that the amounts of pyridine and test solution be measured 
accurately, since the color produced is a function of the volume 
over which it is distributed. Moreover, since pyridine is volatile 
(b. p. about 115°C.), the heating should be done in long loosely 
corked tubes, so as to keep the volume of pyridine as constant as 
possible. The color comparison tubes must be of the same diame- 
ter and of the same kind of glass as those used for the color stand- 
ards. When all directions are followed accurately, the color from 
any one concentration of chloroform may be duplicated regularly. 

Since the colored pyridine compound is unstable and gradually 
loses its color, it cannot be used as the standard. It has been found 
that basic fuchsin (certified by the Commission on Standardization 
of Biological Stains) may be used to match the colors obtained from 
all the higher concentrations of chloroform with considerable 
accuracy. For the more dilute solutions it does not match exactly, 
but comes nearer than any other dye so far found.’ The basic 
fuchsin standards were made up with 59 per cent alcohol containing 
about 0.01 per cent HCl, and enough dye to match the desired 
color. 

A 0.1 per cent stock solution of chloroform was made by dis- 
solving 1 ec. of Squibb’s chemically pure chloroform, sp. gr. 1.599, 
at 15°C., measured by a certified pipette graduated in 0.1 and 0.01 
ec., in distilled water and making up to 1099 ec. in a volumetric 
flask at 15°C. The other solutions were made by diluting the 
stock solution with varying amounts of distilled water, using 
large volumes to insure greater accuracy. All of these solutions 
were kept in ground glass-stoppered bottles whose volumes were 


* The firm of Hynson, Westcott and Dunning of Baltimore kindly made 
up an experimental set of color standards, for which the author expresses 
his thanks. 
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only slightly in excess of the solution they contained. In making 
the stock chloroform solutions to be used as standards in matching 
the fuchsin color solutions, it is highly important that all measure- 
ments of volume be as accurate as possible, and that the tem- 
perature of all fluids be 15°C. Only certified pipettes, volumetric 
flasks, and thermometers should be used. These precautions are 
necessary because of the volatility of chloroform and the delicacy 
of the test. It was found that a nearly saturated solution of basic 
fuchsin in acidified alcohol matched the color obtained from the 
pyridine test on a 0.1 per cent chloroform solution. For the other 
color standards (0.05, 0.025, 0.01, 0.005, 0.003, 0.001, 0.00078, 
0.0005, 0.0002, and 0.0001 per cent, corresponding to molar 
concentrations of 0.00628, 0.00314, 0.001256, 0.000628, 0.0003768, 
0.0001256, 0.0000979, 0.0000628, 0.00002512 and 0.000012560 
this stock fuchsin solution was diluted until it matched as closely 
as possible the colors obtained from known concentrations of 
chloroform. Each color standard was checked frequently and 
corrected whenever necessary. 

The colored pyridine solution obtained from a test on a chloro- 
form solution in water is only slightly turbid and may be compared 
directly with the color standards for concentrations of 0.1, 0.05, 
and 0.025 per cent. Below the latter concentration the turbidity 
interferes with the matching of colors, and two sets of tubes must 
be used in the comparator. One set consists of distilled water and 
the pyridine colored solution from the test; while the other con- 
sists of the pyridine mixture from a test on a solution containing 
no chloroform and the color standard tube. When extracts of 
tissues are used the double set of tubes is always necessary, an 
extract from tissues containing no chloroform being used in the 
control tube. 


III. 


Preliminary experiments were concerned with qualitative tests 
on extracts of animal organs and tissues in various solvents. 
The following were found satisfactory for making tests: physiolog- 
ical salt solution, Ringer’s solution, acidified distilled water (about 
0.01 per cent HCl), alcohol, ether, and tartaric acid-alcohol (70 per 
cent alcohol with 1 per cent tartaric acid). The only solvent, 
however, which will allow the detection of chloroform in the small- 
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est amounts, is acidified distilled water (cf. Fujiwara, 1914, p. 3). 
This seems to be due to the facts that distilled water extracts 
from the tissues a larger percentage of the chloroform than the 
other solvents, and that the pyridine reaction is more delicate 
in water than in alcohol or ether. Slight acidity prevents any 
decomposition of the chloroform which might occur in an alkaline 
medium. ‘Toluene may safely be used in small amounts as a 
preservative. On the other hand, it is perfectly clear that blood 
seriously interferes with the test. If considerable blood is present 
in the extract the pink color of the test will be hidden by an orange- 
brown turbidity. A moderate amount of blood in the test mixture 
produces an orange color which rapidly becomes orange-red, then 
brown, green-brown, and finally light green. In general, less 
than 5 minutes are required for the completion of this color series, 
the actual time depending upon the amount of blood present. 
If an extract contains only enough blood to give it a barely per- 
ceptible pink tint, the test may be made without interference, 
since control tests on such extracts yield a colorless pyridine solu- 
tion in the absence of chloroform. 

The following procedure was used in preparing the extracts. 
The organ is dissected out and submerged immediately in a mortar 
with a small amount of the solvent to be used. It is then cut up 
into small pieces by scissors, care being taken not to expose the 
tissue to the air. With a pestle the material is ground until it is 
thoroughly minced or shredded, and then the whole mass is placed 
in a rubber-stoppered flask with the desired amount of solvent. 
This amount is determined by the quantity of chloroform expected 
to be found. The extract should stand at room temperature for 
at least 1 hour, with occasional shaking, so that all the chloroform 
may be extracted. The pyridine tests are made within the next 
few minutes, since the longer the mixture stands after complete 
extraction the less accurate will be the estimation, due to the 
unavoidable loss of chloroform vapor. When enough blood is 
present to hinder the test, distillation is necessary. A small dis- 
tilling flask (25 cc.) with a long neck, and a side arm surrounded by 
running cold water, has been used. The heating was done in a 
sand or an oil bath. The distillate is conducted into from 3 to 5 
ec. of acidified distilled water in a small test-tube loosely corked. 
At the end of distillation, the distillate solution is tested. This 
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method has not yet been improved for reliable quantitative esti- 
mations of chloroform in the original extract. 

The qualitative tests were made on extracts (1) from the tissues 
of animals killed by chloroform inhalation; (2) from tissues of 
animals killed by ether, illuminating gas, a blow on the head, elec- 
tricity, and natural causes; as well as on (3) solutions containing 
chloroform which had diffused through frog skin. In the first and 
third groups positive tests were always found, indicating the pres- 
ence of chloroform; while in the second group the tests were always 
negative. It was further found that slight decay of the tissues 
does not seriously interfere with the test. 200 tests were made on 
extracts from the tissues of frogs, mice, guinea pigs, rats, cats, dogs, 
and human beings, and in no case did the method fail to indicate 
chloroform when the latter was known to be present. It was 
concluded that the pyridine reaction is a reliable test for chloroform 
under the conditions stated. 


IV. 


For quantitative tests the concentrations of chloroform men- 
tioned (p. 176) were carefully prepared by the writer, and the 
bottles were given non-successive arbitrary numbers by a disin- 
terested person. Each solution was then tested three times by 
the pyridine reaction, and the estimated concentration of chloro- 
form was recorded under the corresponding number of the bottle. 
Although this scheme was used many times there was less then 
1 per cent discrepancy, and all of this was restricted to the last 
three most dilute solutions. It appears that the pyridine test is a 
reliable quantitative method for estimating minute amounts of 
chloroform in aqueous solutions. 

As a further check on the method, extracts of the brains of rats 
killed by illuminating gas were prepared in the described manner, 
and to the different extracts the following amounts of chloroform 
were added: 0.1, 0.05, 0.025, 0.001, and 0.0001 per cent. In one 
series the chloroform was introduced previous to maceration 
of the brain, and in another series subsequently. In each of the 
twenty experiments the correct amount of chloroform, ‘-. 
the percentage which had been added, was indicated by the tests. 

A third series consisted in soaking twenty-three brains from rats, 
killed by illuminating gas, in pure chloroform for at least 24 hours. 
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The brains were then washed either successively in running water, 
alcohol, and ether, or in running water alone, for varying periods 
of time. In any one group of brains which had been washed in 
the same way for the same length of time, closely concordant 
results were obtained. The amounts of chloroform present could 
be calculated as cc. per gm. of brain tissue, since the weight of the 
brain and the volume of the extract were known. For example, in 
Group 2, where washing in water alone was continued for 2 
minutes, the amounts of chloroform were: 0.2097, 0.2059, 0.2105, 
and 0.2083 cc. per gm.; in Group 1, where running water was used 
for 10 minutes: 0.1703, 0.1721, 0.1754; and in Group 5, where 
water, alcohol, and ether were each used for 1 minute: 0.0978, 
0.09422, 0.0912, and 0.09174 ce. per gm. It is to expected that 
considerable variation in the absolute amount of chloroform found 
in such extracts will exist, due to the differences in (1) the ab- 
sorbing surfaces of the brains; (2) the method of washing; and (3) 
the length of time of washing. The last two causes are the most 
significant, and it is believed that if the volume of running water or 
other washing agent used, as well as the time of washing, were 
precisely measured and constant, the absolute amount of chloro- 
form absorbed by a rat brain in 24 hours could be accurately 
determined. As a check on the reliability of the method, these 
experiments are satisfactory and appear to indicate that the pyri- 
dine test may safely be used to detect small amounts of chloroform 


in watery extracts of brains. 


SUMMARY. 


The pyridine reaction with chloroform and other substances 
containing the R-C-halogen; group in the presence of strong NaOH 
has been standardized as a quantitative colorimetric method for 
the estimation of small amounts of chloroform (0.1 down to 0.0001 
per cent, corresponding to 0.01256 and 0.00001256 molar), in 
pure water and in aqueous extracts of animal tissues. Detailed 
directions for using the test are given, and several checks on the 
reliability of the method are described. 
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DEAMINATION OF 3-AMINOHEXOSES. 


By P. A. LEVENE anp HARRY SOBOTKA. 
(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 
(Received for publication, October 28, 1926.) 


The present paper deals with the deamination of the so called 
epiglucosamine of Fischer, Bergmann, and Schotte.!_ This sugar 
is prepared from 


H OH 
‘S 
C\ 


HCC] \. 


| | 
OHCH 0 
| 





HC_— 


HCOH 


| 


CH,0H* 


in which the configuration of carbon atom (2) is not known. The 
formation of the amino sugar through the action of ammonia 
passes through the intermediate stage of an ethylene oxide, 


| (ee 
OH 4 0 OH 
oF ie | 
c-—-C-—-C-—C-—C-— CH,OH 
fy fF FF 
H H H H H 


Hence, in the amino sugar, the configurations of carbon atoms 


1 Fischer, E., Bergmann, M., and Schotte, H., Ber. chem. Ges., 1920, liii, 
509. 

*The ring structures of the sugars of this group are not yet known. 
The fact that the free epiglucosamine readily forms a second internal anhy- 
dride leads one to surmise that the original ring is five-membered. 
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(2) and (3) are unknown. Recently Freudenberg, Burkhart. 
and Braun’ prepared a new 3-aminohexose to which they assigned | | 
the following structure: } 


H OH 
~s 
C 


l\ 
HCOH\, 


NH:CH O 
| 
| 


i 
HCOH 


CH,0H 


Inasmuch as this sugar was prepared frcm tolyl sulfodiacetone 
glucose, there is uncertainty of the conf:guration of carbon atom 
(3). The prcperties cf the two amino sugars are distinctly differ- 
ent and the questicn arises whether these differences are due to 
dissimilarities in the ecnf.gurations of only one carbon atom (2) 
or (3), or in these cf both. 

Dissimilarities in carbon atom (2) will disappear when the two 
sugars are converted into the corresponding csazones. Hence, 
if the osazcnes of the two sugars should shcw dissimilarities, the 
ecnclusion will follcw that the configurations of carbon atcms (3) 
are not identical, and vice versa. The two csazones have been 
prepared, that of epigluecsemine by Levene and Meyer’ and that 
of the new amino sugar by Freudenberg and his coworkers. The 
two csazcnes were fcund scmewhat different. The former had a 
sharp melting point at 207°C.; for the seecnd cnly the ceccmpesi- 
ticn point is given, which is at 207°C. Often the deecmposition 
point lies much abcve the melting point. The specific rotation 
of the first was found —41° and that of the second —58°. If the 
two osazones are different, then one should have a configuration 


* Freudenberg, K., Burkhart, O., and Braun, E., Ber. chem. Ges., 1926, 
lix, 714. 
> Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1923, lv, 221. 
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analogous to glucosazone and the ‘other to that of allosazone. The 
latter two differ from one another in the following way: The 
glucosazone has the higher melting point and the higher levorota- 
tion. In the case of the two osazones of the amino sugars, the 
one with the higher rotation seems to have either the identical or a 
lower melting point than the isomer. It is to be regretted that 
Freudenberg and his coworkers, who had the two osazones in their 
hands, did not compare the melting points, inasmuch as the 
melting points of osazones depend so on the rate of heating. These 
authors, however, did compare their specific rotations and these 
may be considered correct. On the basis of the rotations, the 
osazone of Freudenberg and coworkers should be analogous 
to glucosazone and that of Levene and Meyer to allosazone. 
Such, indeed, was the conclusion of Freudenberg and coworkers, 
although they arrived at it on hypothetical grounds. However, 
the present assumptions may be regarded only as an indication 
for further and more rigorous investigation. 

In the way of a beginning to such work, we decided to compare 
the osazones of the desamino sugars in the hope that the differences 
in the properties of these would be more pronounced than in the 
case of the amino sugars. Inasmuch as the preparation of the 
3-amino sugars is very laborious, we are reporting for the present 
on the properties of one desamino sugar only, namely of the 
anhydrosugar derived from epiglucosamine, particularly since 
the observations on this substance have several points of funda- 
mental importance. 

Aminohexoses are now known with the amino group in position 
(2), (3), or (6). The first group on deamination gives rise to 
2-5-anhydrosugars; the third, according to Freudenberg and 
Doser,‘ gives rise in the main to the parent hexoses. The behavior 
in this respect of the 3-aminohexoses has not yet been established. 
We now find that epiglucosamine forms on deamination an an- 
hydrosugar with the ring (as seen from the model) most probably 
in 3-6 position. One anhydrosugar of this type has already been 
prepared by Fischer and Zach’ by the action of baryta on triacetyl- 
methylglucoside bromohydrin. In the case of Fischer and Zach 


* Freudenberg, K., and Doser, A., Ber. chem. Ges., 1923, lvi, 1243. 
* Fischer, E., and Zach, K., Ber. chem. Ges., 1912, xlv, 456. 
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the sugar had the configuration of an anhydroglucose, also probably 

with ring in position 3-6. The comparison of the osazone of the 
anhydrosugar of Fischer and Zach with that obtained from epi- 
glucosamine should furnish certain indications as to the structure 
of the new anhydrosugar. Fischer and Zach record the melting 
point of their osazone at 180°C. and decomposition point at 200°C, 
Our osazone had a melting point of 160°C. and a decomposition 
point at 190°C. Fischer and Zach do not record the specific 
rotation of their osazone, hence the two osazones cannot be 
compared from that view-point. It is interesting, however, 
to note that glucosazone has a higher melting point than al- 
losazone, and if there exists an analogy between the osazones 
of the simple sugars and those of the anhydrosugars, then the 
configuration of the new osazone should be that of 3-6 anhydro- 
allosazone. For a final conclusion more evidence is required. 
Further work on the anhydrosugars is in progress. The results 
thus far obtained are published now in view of the fact that one 
of the authors had to discontinue his cooperation in this 
investigation. 


EXPERIMENTAL. 


The starting material was the acetate of 1-methyl-3-amino- 
hexose previously described by Levene and Meyer. The de- 
aminized free sugar may be obtained either by deaminizing the 
glucoside and subsequently hydrolyzing the anhydroglucoside, 
or first hydrolyzing the aminoglucoside and subsequently de- 
aminizing the amino sugar. Only the second method will be 
described here in detail inasmuch as this method proved by far 
the most economical from the view-point of yield. 

2.0 gm. of epiglucosamine acetate were dissolved in 50 cc. of 
2 per cent hydrochloric acid, and the solution was boiled for 2 
hours. The solution possessed a reducing power equivalent to 
0.6 gm. of glucose. 

For deamination the solution was cooled to 0°C., and to it an 
equivalent of silver nitrite was added; after 8 hours 3} of an equiva- 
lent of silver nitrite and the corresponding amount of hydrochloric 
acid were added. The final solution was freed from the excess 
of silver ions, and it then possessed a reducing power equivalent 
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to 1.3 gm. of glucose. The solution was then neutralized and 
concentrated to a volume of 100 ce. A solution of 1.5 gm. of 
phenylhydrazine in glacial acetic acid was added to it and the 
combined solution was digested on the water bath for 10 minutes. 
A very voluminous, gelatinous, orange-yellow precipitate formed 
which consisted of microscopic rosettes. To the filtrate from the 
first crop of the osazone was added a second portion of 1.0 gm. of 
phenylhydrazine dissolved in glacial acetit acid. The solution 
was allowed to digest 10 minutes and the second crop of osazone, 
which had the same appearance as the first, was filtered off and 
dried. 

The two crops of osazone were combined and recrystallized from 
water containing a little pyridine. The material prepared in this 
manner, on heating in a capillary tube, contracted at 120°C., 
melted at 160°C.,and decomposed at 190°C. The recrystallization 
from pyridine and water was repeated and the product behaved 
on heating in the same manner as before recrystallization. The 
osazone was then recrystallized from dilute alcohol, from which 
solvent it deposited in bright yellow microscopic rosettes. 
It melted sharply at 160°C. and decomposed at 185-190°C. 


0.0456 gm. substance: 0.1040 gm. CO, and 0.0242 gm. H,0. 
0.0516 “ ” : 7.40 cc. Ng at 25°C. and 764.0 mm. 


CisHavO:N, (340.3). Calculated. C 63.49, H 5.93, N 16.47. 
Found. “ 63.50, “ 6.11, “ 16.51. 


Two samples were used for the measurement of the optical 
activity. One sample was obtained by recrystallization from 
pyridine and water. It rotated in methyl alcoholic solution as 
follows: 


Initial. Equilibrium, 
»  —0.22° X 100 : » —0.04°X100 
l= —o0x1 ~~ *: /" “gx ~~ * 


The second sample was obtained by further recrystallization of 
the first sample from dilute alcohol. Its rotation in methyl 
alcoholic solution was the following. 


Initial. Equilibrium, 
) — 0.12° < 100 ~ 20 — 0.04° X 100 - 
= —————_—————_- = — 24. = ——___—__—- = — §". 
lai 0.500 X 1 . (aly 0.500 X 1 
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GLASS SCREENS FOR THE TRANSMISSION OF THE LIGHT 
RADIATIONS CURATIVE OF RICKETS. 


By ETHEL M. LUCE.* 


(From the Department of Pediatrics, Yale University Medical School, New 
Fiaven, and the Boyce Thompson Institute, Yonkers.) 


(Received for publication, October 18, 1926.) 


The following preliminary experiments form part of a more 
detailed study (to be published later) of the effect of light of vary- 
ing wave-length on the development of rickets in the rat. 

A study such as this involves the use of filters, and in the two 
experiments described in this paper trials were made of three 
filters to test their efficiency for the transmission of antirachitic 
radiations. 

General Method of Experiment. 


Rats were fed on a standard rickets-producing diet and exposed 
daily to sunlight transmitted through these filters. 


Filters. 


The three filters used,! manufactured by the Corning Glass 
Company, were: 

1. No. G86B, 4.3 mm. thick, a neutral filter showing spectro- 
graphically a transmission to 296 yu in the ultra-violet, and by 
spectrophotometric measurement a weak transmission of 0.5 per 
cent light of wave-length between 300 and 305 uu. 

2. No. G980A, 4.98 mm. thick, a white glass filter showing 
spectrographically a transmission to 240 uu in the ultra-violet, and 
by spectrophotometric measurement a transmission of 80 per cent 
light of wave-length 300 yy. 

3. No. G986A, 3 mm. thick, a purple glass filter, opaque to 
visible light of wave-length longer than 425 yy, showing spectro- 

* Medical Travelling Fellow of the Rockefeller Foundation, 

'Hood, H. P., Science, 1926, lxiv, 281. 
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graphically a transmission to 265 yu in the ultra-violet, and by 
spectrophotometric measurement a transmission of 77 per cent 
light of wave-length 300 uy. 


Experiment I. 


Rats bred at the Albino Supply Company, Philadelphia, were 
used. They were all 31 days old and weighed approximately 45 
gm. at the beginning of the experiment. They were divided into 
three groups of five rats in each group. Each group contained 
representatives of the same family and sex. Each rat was kept 
in a separate cage and all were fed on Steenbock’s modification of 


TABLE I, 
Rats Fed 28 Days on Steenbock’s Modification of McCollum’s Diet 3143. 
Group I. Exposed to full sunlight. 
Group II. Exposed to sunlight through filter No. G86B. 
Group III. Control group kept in complete darkness. 
Per cent Ca figures = average value of five rats in each group. 





| In bones. | In blood. 
| Per cent Ca Mg. per 100 cc. serum. 








| j | 
Group. | —— | Histological findings. 
eee [oe 
I | 16.0 | 10.4 5.6 No evidence of rickets. 
II 13.9 | 9.9 3.2 | All showed definite rickets. 
—s “ “ “ “ 


III 14.5 | 9.9 





McCollum’s Diet 3143 (1) (corn 76 per cent, wheat gluten 20 per 
cent, CaCO; 3 per cent, NaCl 1 per cent). 

Group I was exposed to sunlight filtered through the glass 
G86B in a house at the Boyce Thompson Institute roofed in with 
this filter. Group II was exposed to full sunlight in open cages 
placed outside this glass-roofed house. Group III was kept in 
complete darkness. 

The experiment was conducted in May and June, 1925, which 
proved to be a period of intense sunlight. The irradiated rats 
received maximum exposures to sunlight, on an average 6 to7 
hours daily. 

At the end of 28 days they were bled under light ether anes- 
thesia, and the pooled blood serum in each group was analyzed 
for Ca by the Kramer-Tisdall (2) method and for P by the 
Briggs (3) modification of the Bell-Doisy method. 
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The bones of both hind legs were analyzed for Ca,' and a histo- 
logical examination was made of the bones of the forearm. The 
result of this experiment is set out in Table I. 

Table I shows that rats irradiated for 6 to 7 hours daily with 
sunlight filtered through glass G86B for 28 days failed to receive 
protection. This finding confirms that of Hess (4) (1923) working 
with this filter. Those rats, on the other hand, exposed to the 
same sunlight in open cages were completely protected. 


TABLE II. 

Rats Fed for 28 Days on Steenbock’s Modification of McCollum’s Diet 3143. 

Group I. Exposed to full sunlight. 

Group II. Exposed to sunlight through filter G986A (ultra-violet light 
only). 

Group III. Exposed to sunlight through filter G980A (visible and ultra- 
violet light). 

Group IV. Control group kept in complete darkness. 

Per cent Ca figures = average value of five rats in each group. 

















| In bones. | In blood. 
Per cent - Mg. per 100 cc, serum. 
Group. ee Histological findings. 
weight of | 
bone. | Ca P 
I 15.8 | 12.6 6.4 No evidence of rickets. 
II 15.9 | 12.5 6.7 . " “ ” 
III 15.7 12.4 | 6.5 . ¢ ,. F...= 
IV 13.5 9.6 | 4.9 All showed definite rickets. 





Experiment II. 


In the fall of 1925 a trial was made of the two filters G980A and 
G986A described above. The general technique of this experi- 
ment was identical with that described in Experiment I. As, 
however, only small quantities of the filters were available, the 


1Calcium was determined on the bones, after extraction of the fat, 
first with alcohol, followed by ether. The fat-free bones were ashed in 
porcelain at red heat until all organic matter had disappeared. They were 
then dissolved in nitric acid, made up to a certain volume, and analiquot 
taken for Ca determination. The solution was neutralized with ammonium 
hydroxide, using methyl red as an indicator, precipitated with saturated 
ammonium oxalate, washed, and titrated in the usual way with 0.01 potas- 
sium permanganate. 
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rats were exposed to sunlight in specially designed irradiation 
cages covered on roof and sides with the two filters. The results 
of this experiment are set out in Table II. 

Table II shows that the degree of protection obtained by the rats 
from sunlight filtered through the glasses GOSO0A and G986A was 
identical with that obtained by those animals which were exposed 
in open cages to full sunlight. 

The efficiency of these filters for the transmission of antirachitic 
radiations has been abundantly confirmed in more recent experi- 
ments using minimum exposures to light from a carbon arc lamp. 
A full report and discussion will be published later. 


In conclusion my thanks are due to Dr. E. A. Park for much 
stimulating advice and helpful cooperation, to Dr. Crocker of 
the Boyce Thompson Institute for the hospitality of the Institute 
where these experiments were carried out, and to Dr. Mees of the 
Eastman Kodak Company for kindly supplying me with spectro- 
photometric measurements of the filters used. 
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METHODS FOR THE DETERMINATION OF SOME OF THE 
NON-PROTEIN SULFUR COMPOUNDS OF BLOOD. 


By W. DENIS anp LUCILLE REED. 


(From the Laboratory of Bio-Chemistry of the School of Medicine, Tulane 
University, New Orleans.) 


(Received for publication, October 22, 1926.) 


In a paper published in 1921 (1) there was described a micro 
method for the determination of inorganic sulfates in blood. By 
means of this method numerous observations were made of the 
content of inorganic sulfates of normal and pathological human 
blood and of the blood of several species of animals. As a result 
of this work it was found that normal human blood has a sulfate 
content of 0.5 to 1.0 mg. of sulfur from 100 ce. No evidence could 
be obtained of the presence in blood of sulfur in ethereal combina- 
tion, although the fact was recognized that the evidence presented 
on this point was inconclusive. 


At the time the above paper was written we were able, after a careful 
search of the literature, to find only one paper dealing with the sulfate 
content of blood (2). In this publication De Boer presents the results 
obtained on the determination of inorganic sulfates in horse blood made by 
a sedimentation method after the removal of proteins by ultrafiltration, 
which fraction he found to be 0.02123 per cent calculated as SO, (or 7 mg. of 
Sper 100 ce.). Since this time a number of communications have appeared 
which deal with the non-protein sulfur compounds of the blood. 

Heubner and Meyer-Bisch (3) have called attention to the early work 
of Gurber (4) who found 18 to 25 mg. of dialyzable sulfate (as H2SO,) in 
horse serum. These investigators report the results of dialysis experiments 
carried on for 14 days on the serum of a patient suffering from nephritis 
and albuminuric retinitis. This material showed a content of 24 mg. of 
H,SO, per 100 cc. They state that when an attempt was made to depro- 
teinize serum by the usual methods (95 per cent alcohol, heat and acetic 
acid, etc.) practically all of the inorganic sulfate is absorbed by the 
coagulum. 

Recently Browinski (5) has published the results of his observations on 
the sulfur compounds of horse and of beef serum. The determinations were 
made by the usual gravimetric method after removal of protein by means 
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of trichloroacetic acid. This author was unable to detect the presence of 
ethereal sulfates, but believes that he has demonstrated the presence of 
neutral sulfur compounds. Ina series of determinations of the serum of the 
horse and of the ox he reports for inorganic sulfates figures varying from 
9.55 to 12.0 mg. of S per 100 cc. of serum, and finds that neutral sulfur con- 
stitutes on an average 50 per cent of the total non-protein sulfur. 

In a second communication Meyer-Bisch (6) has presented a series of 
results for the total H2,SO, (inorganic plus ethereal sulfates) of the serum 
of patients suffering from a variety of pathological conditions. These 
determinations were made by the gravimetric method on the dialysate 
from oxalated blood. For normal specimens 14 to 17 mg. of total SO, per 
100 cc. of serum were found, while in a series of determinations made on 
pathological material figures varying from 9 mg. in a case of polycythemia 
to 49 mg. in one of lumbago are reported. In eight nephritic sera the figures 
vary from 19 to 72 mg. 

Another recent contribution to the study of non-protein sulfur of blood 
has been made by Kahn and Postmontier (7). These investigators worked 
with oxalated blood deproteinized by means of trichloroacetic acid. In 
the blood of four fracture and five hernia cases (which may be assumed to 
represent normal material) the total sulfur varies from 2.5 to 3.8 mg. of S0, 
per 100 cc. of blood. 

One other procedure has been proposed by White (8), but as this method 
was devised for examination of the blood of animals which had received 
large injections of sulfates, and not for the analysis of normal blood, it need 
not be considered here. 


If, in order to obtain uniformity of notation all values are re- 
calculated, where necessary, to the basis of mg. of sulfur per 100 
cc., the following summary presents the results now available on 
the non-protein sulfur constituents of blood and serum: 


Inorganic Sulfates. 


Gurber (1894), 6 to 8 mg. of S per 100 cc. in horse blood. 

Heubner and Meyer-Bisch (1921), 8 mg. of S per 100 cc. in human serum. 

Denis (1921), 0.5 to 1.0 mg. of S per 100 cc. in normal citrated human blood; 
increased values up to 16.0 mg. in nephritis. 1.8 to 4.0 mg. in the blood 
of various animals (beef, horse, sheep, etc.). 

Browinski (1924), 9.55 to 12.0 mg. of S per 100 cc. in horse serum. 

Meyer-Bisch (1924), 4.8 to 5.8 mg. of S per100 cc. in human oxalated plasma; 
6.4 to 24.0 mg. in nephritic plasma. These figures represent inorganic 
plus ethereal sulfates. 

Kahn and Postmontier (1925), 0.6 to 1.0 mg. of S per 100 cc. in human ox- 
alated blood. 


The following summarizes the available data regarding the 
presence in blood of ethereal sulfates or “neutral” sulfur compounds: 
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Heubner and Meyer-Bisch (1921) believe that ethereal sulfates exist in 
blood but give no figures for this fraction. 
Denis (1921) was unable to obtain proof of the presence in blood of these 


bodies. 

Browinski (1924) cites experiments which in his opinion prove the ab- 
sence of ethereal sulfates in horse blood. On oxidation of the trichloro- 
acetic acid filtrate by means of sodium peroxide he obtained evidence 
of the presence of considerable quantities of neutral sulfur in amounts 
varying from 44.13 to 56.98 per cent of the total sulfur. 

Heubner believes that ethereal sulfates are present in blood but makes 
no sulfate determinations for the fraction as the figures presented by him are 
for “total sulfates.”’ 

Kahn and Postmontier apparently consider that three forms of non- 
protein sulfur (inorganic, ethereal, and neutral) exist in blood, and the 
figures given for neutral sulfur (total non-protein sulfur minus total sul- 
fates) amount to from one-fourth to one-sixth of the values for total sulfates, 


From the above discussion it is clear that, in view of the great 
diversity of results obtained by different investigators, there is need 
for further work in this field. 

The work, the results of which will be reported below, has been 
divided into three parts. First a comparison was made of the 
results obtained for the inorganic sulfate fraction, when dialysis 
and when various methods of protein precipitation were employed; 
second a series of experiments was carried out to determine 
whether a fraction of the non-protein sulfur of blood exists in the 
form of the ethereal sulfates or of neutral sulfur; third an attempt 
has been made to devise micro methods for the quantitative de- 
termination of these forms of sulfur. 

In the reports on blood sulfates so far published the question 
of the effect of the anticoagulant used on the purity of the barium 
sulfate precipitate seems in most cases to have escaped critical 
consideration. Many of the determinations have of course been 
carried out on serum, but on the other hand several investigators 
(Heubner, Kahn) have used oxalated blood or the plasma there- 
from, while others (White, Denis) have employed citrated blood 
exclusively. As the solubility of barium citrate is approximately 
four times greater than that of barium oxalate (9) (0.0406 gm. of 
the former and 0.0105 gm. of the latter salt being soluble in 100 ce. 
of water at 18°C.), the use of citrate as an anticoagulant would 
appear to be theoretically, at least, a safer procedure. 
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Sulfur Compounds of Blood 


Dialysis Experiments. 


100 to 200 ce. of citrated whole blood were shaken with 5 ce. of 
toluene and 30 mg. of thymol, and were then placed in a Schleicher 
and Schiill dialyzing cylinder which was suspended in a beaker 
containing 1 liter of distilled water. Dialysis was allowed to con- 
tinue for several days at room temperature, and sometimes an 
additional period of 3 days. The water in the dialyzer was 
changed at intervals of 12 hours. At the end of the experiment 
the various portions of dialysate were acidified with hydrochloric 
acid, evaporated to small volume, the sulfate precipitated by means 
of barium chloride, filtered, ignited, and weighed in the usual 
manner. 

In some of the later experiments Schleicher and Schiill folded 
parchment dialyzers were used in place of dialyzing cylinders. 
The results of several experiments of this type are presented below. 

Experiment 1.—100 ce. of arterial dog blood, taken under ether 
anesthesia, which contained 0.25 gm. of potassium oxalate and 
5 ec. of toluene were dialyzed for 3 days. Sulfate in the total 
dialysate amounted to 7.8 mg. of S per 100 ce. of blood. After 4 
additional days dialysis there was obtained 0.28 mg. of §, ora 
total after 7 days dialysis of 8.08 mg. 

Experiment 2.—100 ec. of blood from the same animal contain- 
ing 0.5 gm. of sodium citrate and 5 ce. of toluene gave after 3 days 
dialysis 8.2 mg. of S, and after 4 additional days 0.18 mg., making 
a total of 8.38 mg. of S per 100 ce. of blood. 

Experiment 3.—Two dialysis experiments made on oxalated, 
and seven on citrated beef blood, carried out on material taken 
from eight animals, gave results varying from 7.7 to 9.6 mg. of 
S per 100 ce. of blood. 


Experiments with Several Protein Precipitants. 


In these experiments 100 cc. portions of blood were precipitated 
as indicated below, and the sulfate content of the protein-free 
filtrate determined gravimetrically by means of the barium chlo- 
ride precipitation. As protein precipitants we have used picri¢ 
and hydrochloric acids, mercuric chloride and hydrochloric acid 
(1), acetic acid and heat, and trichloroacetic acid. 

The first three methods were soon abandoned as it was found 
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impossible when using these methods of precipitation to recover 
quantitatively sulfate added to blood. In the case of the picric 
acid, the high results obtained were later found to be due to the 
fact that it is extremely difficult to obtain even by repeated recrys- 
tallization, samples of this substance free from minute traces of 
sulfates; the acetic acid precipitation proved extremely laborious, 
and, as is well known, invariably furnished a filtrate containing 
minute quantities of protein which interfered with the subsequent 
quantitative precipitation of the barium sulfate, while results 
obtained by the mercuric chloride precipitation were invariably 
low. The precipitant of choice appeared therefore to be trichloro- 
acetic acid, by means of which we find it possible to obtain excel- 
lent results on the recovery of sulfates added to blood and to 
plasma. 

Early in the course of the work it was found however that every 
sample of c.p. trichloroacetic acid purchased contained traces of 
sulfates; this impurity is however readily removed by redistilling 
the acid in vacuo at a pressure of 15 to 20 mm. 

The gravimetric procedure which we have used as a basis of our 
determination of the recovery of sulfates added to blood, and also 
as a check on the nephelometric procedure described below is as 
follows: 50 cc. of citrated blood or plasma are treated with 110 
cc. of distilled water and 40 cc. of a 20 per cent solution of trichloro- 
acetic acid. The mixture is thoroughly shaken, allowed to stand 
for 15 minutes, the precipitate centrifuged off, and the superna- 
tant liquid filtered through acid-washed filter paper (Whatman’s 
No. 40). 

The non-protein sulfur fractions are then determined as follows: 

Inorganic SOy.—To 100 cc. of the filtrate are added 100 ce. of 
distilled water and 5 ce. of 5 per cent barium chloride solution. 
This mixture is allowed to stand for at least 12 hours at room 
temperature, and the precipitated barium sulfate is then filtered 
on a tared Gooch crucible provided with an asbestos mat, washed, 
dried, and weighed in the usual manner. 

Total SOs.—To 100 ce. of the filtrate are added 100 cc. of normal 
hydrochloric acid, and the mixture is heated for 2 hours on an 
electric plate, with the occasional addition of distilled water should 
the volume decrease too much. At the end of this period 5 ce. of 
5 per cent barium chloride are added and after standing overnight 
the precipitate is filtered off. 
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Ethereal Sulfates—These are calculated by difference from the 
figures obtained for inorganic and for total sulfates. 

Total Sulfur.—To 50 cc. of blood filtrate there are added 5 ce. of 
Benedict’s (10) copper nitrate reagent and the mixture is evaporated 
to dryness on a hot plate, ignited with a free flame until no more 
fumes are evolved, dissolved in 20 cc. of 10 per cent hydrochloric 
acid, and after the addition of 100 cc. of distilled water precipi- 
tated with 5 cc. of 5 per cent barium chloride solution. After 
standing for several hours the precipitated barium sulfate is then 
filtered off on a Gooch crucible, washed, ignited, and weighed. 


TABLE I. 
Total Sulfates in Beef Blood and Plasma Determined by Dialysis and by 
Precipitation with Trichloracetic Acid. 








Total SO, as mg. of S per 100 cc, 
of blood or plasma. 

















Sample. S cniieiaiaape, a aainienemaioniean 
| Determined by Determined by 
dialysis. | precipitation, 
ae 
Beef. 
Te 7.7 7.6 
7 Mebbighdncssataeviewsvenues 8.0 7.8 
TON 7.7 7.9 
Dog. | 
NNO Biciiniaxeincssesecnnvneced ses 8.2 8.3 
Beef 
0 Se eee eee 6.3 6.4 
a SS eee | 6.8 6.8 
Five ccckecwsameeneenws 7.0 7.4 j 





Neutral Sulfur.—This is calculated by difference from the figures 
obtained for total S and total SOx. 

The methods described above are of course merely adaptations of 
the technique in use for many years with urine; the chief points 
requiring experimental proof are therefore the question as to 
whether sulfates in blood can be quantitatively extracted by means 
of trichloroacetic acid, and whether the method of extraction leaves 
any substances in the filtrate which would interfere with the sub- 
sequent precipitation of the sulfate by barium chloride. 

In Table I we have collected the results on total sulfates ob- | 
tained by dialyzing citrated beef blood and plasma for 7 days, | 
and also the figures for the same fraction when total sulfates were | 
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determined in the filtrate after removal of proteins with trichloro- 
acetic acid. 

Table II contains the results obtained in a series of experiments 
in which citrated beef blood or serum which had been dialyzed 
against distilled water (in the presence of toluene and thymol) 
for 7 days, or until the dialysate gave on concentration no qualita- 
tive test for chlorides or sulfates, was precipitated with trichloro- 
acetic acid after the addition of known amounts of sulfates, and 
this radicle determined in the filtrate. 


TABLE II. 
Results on the Recovery of Sulfate Added to Blood and Plasma Previously 
Dialyzed Free of Sulfates and Chlorides. 





K2SOs;added | SO, recovered 











Experiment No. Material. asing.of Sper | as mg. of S per Recovery. 
| ] 100 ce. | 100 ec. 
| per cent 

1 Blood. | 1 | 093 | 93 

2 - 2 2.06 103 

3 " | 2 2.00 100 

4 | 3 3.10 | 103 

5 o 3 3.08 102 

6 a 4 3.88 | 97 

7 vg 4 3.86 | 96 

8 “ 5 5.06 | 101 

9 os 5 5.08 } 101 
10 1, « 
11 Plasma. 5 5.10 102 
12 | ™ 5 4.98 99 











As, during dialysis, the blood and plasma had increased greatly 
in volume, water was added in such amounts that 150 cc. of the 
dialyzed material were equivalent to 50 cc. of the original blood or 
plasma. The precipitations were carried out as follows: to 150 
cc. of the dialyzed and diluted material were added 10 cc. of a 
potassium sulfate solution of known concentration and 40 ce, of 
20 per cent trichloroacetic acid. Suksequent treatment was 
identical with the procedure described above. 

The results presented in Table II indicate that, contrary to the 
statements of Heubner and Meyer-Bisch (3), it is possible to re- 
cover sulfates from blood by precipitation methods with a fair 
degree of accuracy. 
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Micro Method for Determination of SOs. 


The macro methods described above are of course of limited 
usefulness on account of the large amount of blood required and 
the time-consuming nature of the gravimetric technique involved, 
We have therefore made an attempt to devise micro methods 
which could be used on small amounts of blood, and which would 
be of greater accuracy than the original procedure proposed for 
this purpose by Denis (1). 

By the nephelometric procedure outlined below it is possible to 
determine inorganic sulfates, total sulfates, and total sulfur in the 
protein-free filtrate obtained from 30 cc. of human blood or from 
15 ec. of dog or beef blood, with a maximum error of 5 per cent. 

Solutions Required.—20 per cent trichloroacetic acid solution 
prepared from sulfate-free redistilled trichloroacetic acid. It is 
usually necessary to filter this through sulfate-free filter paper, as 
it usually contains suspended particles. 1.0 per cent barium chlo- 
ride solution. 0.6N NaOH solution. We have found it necessary 
to prepare this solution from metallic sodium as all the specimens of 
sodium hydroxide we were able to secure contained traces of sul- 
fates. 0.1 N hydrochloric acid. Normal hydrochloric acid. 
5 per cent gelatin solutions (sulfate-free). All the specimens of 
high grade commercial gelatin contain traces of sulfates, and it is 
therefore necessary to free the gelatin from this impurity before 
its use as a protective colloid. 

Sulfate-free solutions that will keep for long periods without the 
formation of mould, etc., may be prepared as follows: To 50 gm. 
of any high grade commercial gelatin! add 900 cc. of approximately 
0.01 n hydrochloric acid and 100 ce. of a 5 per cent solution of 
barium chloride. Immerse the flask in a bath of boiling water and 
heat at this temperature, with occasional shaking, for 1 hour. At 
the end of this period of heating remove the flask from the water 
bath, cool in running water, add 50 ce. of egg white, mix 
thoroughly, and heat again in a boiling water bath for about 30 
minutes or until the egg white has coagulated and carried down all 
traces of colloidal barium sulfate. Centrifuge while hot, using 50 
or 100 cc. centrifuge tubes, pour off the clear supernatant liquid 


1 For most of our work we have used the Difco brand of powdered gela- 
tin manufactured by the Digestive Ferments Company of Detroit. 
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into small wide mouth bottles of about 30 cc. capacity, stopper 
these bottles with cotton, sterilize the preparation by heating the 
bottles for 1 hour in boiling water, allow to cool, and store in 
the refrigerator. When kept in an ordinary domestic refrigerator 
our preparations have remained in good condition for as long as 8 
months. 

Zine Nitrate Oxidising Mizxture-—Benedict’s copper nitrate 
oxidizing mixture, which was originally suggested for the deter- 
mination of total sulfur in urine, has since been applied with satis- 
factory results to many types of biological material. In attempt- 
ing to use the Benedict reagent in this work it was found that the 


TABLE III. 
Comparative Results Obtained in Determination of Total Sulfur by Use of 
Copper Nitrate and Zinc Nitrate Oxidizing Reagents. 
Results expressed in mg. of S per 100 cc. of blood. 








| Gravimetric Per cent error on basis of 





ewer chee ion | Nephelometric method. | gravimetric method. 
Bened ict’s arn eae ger ere <“— a 7 
reagent. Cu(NOs)2 Zn( NOs) Cu(NOQs)2 Zn(NOs)2 
1 | 10.528 | 11.00 | 10.56 +4 +0.4 
2 | 9.968 | 10.66 | 9.81 +7 | +1.0 
3 | 10.592 | 10.98 10.26 +4 —3 
4 | 10.304 11.74 9.50 +13 —8 
5 | 8.736 | 9.42 | 9.29 | +8 | +46 
6 8.40 | 14.70 8.81 | +75 | +6 
7 8.74 | 11.00 8.50 +26 —2 
8 9.74 | 11.08 9.64 +13 —1 





blue color of the copper salts interfered with the nephelometric 
reading of the suspensions of barium sulfate and we have therefore 
found it necessary to prepare an oxidizing mixture in which copper 
is replaced by zinc nitrate. 

This reagent is prepared as follows: 25 gm. of zinc nitrate, 
c.P.; 25 gm. of sodium chloride, c.p.; 10 gm. of ammonium chlo- 
ride, c.p.; 100 ce. of distilled water. When the salts are com- 
pletely dissolved, the mixture is filtered through an ashless filter 
paper. Each lot of reagent should of course be tested for the 
presence of sulfates before use. Comparative results obtained 
with this reagent and with the Benedict reagent are given in Table 
ITI, 
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Standard K2SO, Solutions.—Two standards are required. Stand- 
ard 1 contains 0.5437 gm. of potassium sulfate per liter. 1 ee. 
of this solution is equivalent to 0.1 mg. of S. Standard 2 is pre. 
pared by diluting 1 volume of Standard 1 with an equal volume of 
water. 1 cc. of this solution is equivalent to 0.05 mg. of S. 


TABLE IV, 
Comparison of Resulls Oblained by Gravimetric and Nephelometric Deter- 
minations of the Sulfur Compounds in Blood. 








Gravimetric method, Nephelometrie method. 


Jar ce > or ¢ i 
Mg. of S per 100 ce. Mg. of S per 100 ce, Per cent error on basis 











of tices. | of bleed. of gravimetric method, 
Sample. : _ - . a 
| par Total Total aa T tal Total — | Total | on 
| sul- f--4 sulfur.| sul- = sulfur.| sul- = | Zn 
| fates. | tie. |= fates. | **°°*+ |method 
Dog. 
Blood 1...| 2.912 10.528) 2.84 | 10.56| —3 | +4 
“« 2. | 4.032! 110.592) 3.86 | 10.26 | —4 | =3 
“  8...] 2.52 | | 8.736) 2.4 | 19.42) —4 | +7 
“« 4...] 3.25 8.96 | 3.04 9.53 | —6 +5 
“ 5...1 2.464 8.736 2.6 | 8.50| +4 -2 
“ — 6...| 3.416 8.40 | 3.2 | | 8.81 | -—6] +5 
“ 7... .1 3.864 9.74 | 4.00 | | 9.64) +3) -1 
« — g...| 2.408 9.968} 2.23 | 19.81 | —7 | | -1 
Human. | 
Blood 1...| 1.02 | 2.006) 4.51 | 1.22 | 2.00/ 4.26} -8| 0] -5 
es 2...| 0.35 | 1.89 | 3.52 | 0.348] 1.69 | 3.75 0 | —10| +6 
“ 3...) 1.72 | 3.36 | 5.53 | 1.56 | 3.20 | 5.21 | -10| —5 | —4 








Nephelometric Determination of Inorganic Sulfates in Blood Serum 
or Plasma. 


The blood serum or plasma is deproteinized as described above 
under the discussion of the gravimetric method. 

With dog or beef blood proceed as follows: 15 cc. of trichloroace- 
tic acid filtrate, 2 ec. of 0.6 N NaOH, 1 ec. of 5 per cent gelatin 
solution, 5 ec. of 1 per cent barium chloride solution. Allow to 
stand for 15 minutes and then read in the nephelometer against 
the following standard which has been prepared at the same time 
as the unknown. 1 cc. of standard K,SO, solution equivalent to 
0.1 mg. of S., 14 ce. of 0.1 n HCl, 2 ee. of 0.6 nN NaOH, 1 ce. of 5 
per cent gelatin solution, 5 cc. of 1 per cent barium chloride. 
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Determination of Inorganic Sulfate in Human Blood. 


On account of the very small concentration of inorganic sulfate 
in normal human blood it is necessary to use 25 cc. of trichloroace- 
tic acid blood filtrate for the determination. ‘To this add 4 ce. 
of 0.6 N NaOH, 1 ce. of 5 per cent gelatin, and 1 cc. of 5 per cent 
BaCl. Allow to stand 15 minutes before reading in the 
nephelometer. 

The standard is made with 1 cc. of K,SO, containing 0.05 mg. of 
S per cc., 25 ec. of 0.1 N HCl, 3 ec. of 0.6 N NaOH, 1 cc. of 5 per 
cent gelatin, and 1 cc. of 5 per cent BaCl. Allow standard and 
unknown to stand 15 minutes before reading in the nephelometer. 

In nephritic blood where the sulfate content is high the proce- 
dure outlined for dog or beef blood may be used. 


Total Sulfates (in Dog or Beef Blood). 


To 10 ce. of blood filtrate add 4 cc. of normal HCl and evaporate 
at such a rate that solid particles begin to settle out in not less than 
15 to 20 minutes. At this point the heating should be discon- 
tinued. This evaporation is best carried out in a large (20 x 200 
mm.) Pyrex test-tube heated by means of a micro burner. The 
evaporation of the last few cc. of liquid must of course be carried 
out with considerable care in order to prevent undue discoloration. 
To the residue in the test-tube add 15 ec. of water, 2 cc. of 0.6.N 
NaOH, 1 ce. of 5 per cent gelatin solution, and 5 cc. of 1 per cent 
barium chloride solution. Allow to stand 15 minutes and then 
read against a standard which has been prepared at the same time 
as the unknown in the following manner: 1 cc. of standard K,SO, 
solution (equivalent to 0.1 mg. of 8S), 4 cc. of normal HCl. Evapo- 
rate in a manner identical with that used for the unknown; to the 
residue add 15 cc. of water, 2 cc. of 0.6 N NaOH, | cc. of 5 per cent 
gelatin solution, and 5 cc. of 1 per cent barium chloride solution. 


Total Sulfates in Human Blood. 


The method for human blood is identical with that for dog or 
beef blood with one exception; namely, that it is necessary to 
evaporate 15 cc. of filtrate with 4 cc. of the N HCI rather than 10 
cc. of filtrate. It is best to prepare two standards, the 0.05 mg. 
of S standard, and the 0.1 mg. of 8S standard. 
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If nephritic blood, having a high sulfur content, is used, the 
method for dog or beef blood may be used unaltered. 


Total Sulfur in Dog or Beef Blood. 


To 3 to 5 ce. of blood filtrate add 1 ce. of zine nitrate oxidizing 
mixture. Evaporate to dryness in a large (20 X 200 mm.) Pyrex 
tube and continue to heat with a free flame until no more fumes 
are given off; dissolve the residue in 2 cc. of normal HCl, add 15 
ce. of distilled water, 1 cc. of 5 per cent gelatin solution, and 5 ce, 
of 1 per cent barium chloride; allow to stand 15 minutes, then read 


TABLE V. 
Non-Protein Sulfur Compounds in the Blood of Various Animals. 


























Mg. of S per 100 cc. of blood. Per cent on basis of total sulfur, 

Source of blood. | Inor- | 4.) | Ethe- |__| nro, | Inor- | aya; | Ethe- | x 
meee" ganic | Total | “yeat | Total | Neu- | ganic | Total | “reat | New 
— | fates = sulfur. oulfur. | Fe al | fates | wil sulfur. 
Human.......| 1.12 | 2.006) 0.886, 4.51 | 2.504) 24.8 44.4 | 19.6 | 55.5 

| | } 

7 Geagen | 0.35 | 1.89 | 1.54 | 3.75 | 2.21 | 9.32) 50.6 | 41.1 | 59.0 
ee | 3.64 | 8.29 | 4.65 |11.87 | 3.58 | 30.6 | 69.8 | 39.1 | 30.1 
oy yeesrawen | 2.02 | 6.61 | 4.59 |10.08 | 3.47 | 20.0 | 65.5 45.5 | 34.1 
e Seenaeeen 3.08 | 6.16 | 3.08 | 8.736) 2.576) 35.2 | 69.4 | 35.2 | 30.6 
Beof.......000. | 2.35 | 5.624) 3.274) 7.29 | 1.666) 32.2 | 77.0 | 42.2 | 22.8 
+  gueeaenee | 2.576) 6.176) 3.6 8.59 | 2.412) 29.5 | 71.8 | 41.9 | 28.1 
oo ree 11.28 |16.88 | 5.6 |23.96 | 7.08 | 47.2 70.7 | 23.4 | 29.6 
DT  auauiahiil | 6.48 | 7.156 0.672/12.852| 5.696 50.7 | 55.9 | 5.25) 44.5 
0.533) 2.54 | 2.007) 7.50 | 4.96 | 7.11 33.9 | 2.67) 66.1 


Rabbit....... 


in the nephelometer against a standard prepared as follows and as 
nearly as possible at the same time as the unknown: 1 cc. of K,SO, 
solution (equivalent to 0.1 mg. of 8), 1 ec. of oxidizing mixture. 
Evaporate to dryness and heat with a free flame by the same tech- 
nique used for the unknown, then dissolve the residue in 2 ce. 
of normal HCl, add 15 ce. of distilled water, 1 cc. of 5 per cent 
gelatin, and 5 cc. 1 per cent barium chloride. 


Total Sulfur in Human Blood. 


The method for total sulfur in human blood varies from that 
for dog or beef blood only in the amount of blood filtrate oxidized 
with the Zn(NOs)2 oxidization mixture. It is generally necessary 


3 


ob 
en 


pr 
otl 





XUM 


the 


zing 
TeX 
mes 
115 
ce, 
ead 


lfur, 


eu- 
ral 
fur. 


.5 
.0 
).1 
1 
).6 
8 


at 


ed 





W. Denis and L. Reed 203 


to use from 5 to 10 cc. of filtrate with normal blood; as little as 
3 cc. of filtrate may be used in blood showing sulfur retention. 
Ethereal sulfates are calculated by difference between the values 
obtained for total and inorganic sulfates; neutral sulfur by differ- 
ence from the values obtained for total sulfur and total sulfates. 


DISCUSSION, 


The quantitative precipitation of colloidal barium in uniform 
suspension is only accomplished under certain conditions, and in 
order to bring about this result, a protective colloid has been 
used; namely, 1 cc. of 5 per cent gelatin in 25 cc. volume. Satis- 
factory colloidal precipitation will not occur under these conditions 
if the amount of sulfur in 25 ec. volume is more than 0.16 to 0.2 
mg. of S or less than 0.02 mg. of 8S. If more than 0.20 mg. of S be 
present, the precipitated particles are larger than those of a true 
colloidal sol and soon settle out making the suspension uneven; 
if smaller, the cloud is too light to read in the nephelometer. Since 
the amount of sulfur present as sulfate determines to some extent 
the size of the particles, it is best to prepare both the 0.1 mg. and 
the 0.05 mg. of S standard and read the unknown against the 
standard which appears most nearly to approach it in turbidity. 

In precipitating barium sulfate in the presence of other salts 
it is necessary to take into consideration the fact that barium phos- 
phate is also insoluble in slightly acid, neutral, or alkaline solution. 
The solution must then be acid. If however the solution be too 
acid, barium acid sulfate, a soluble salt, is formed and the precipita- 
tion of the sulfate ion is incomplete. From long experimental 
practice it has been found that a pH of 3.0 to 3.8 is optimum for 
the precipitation of all the barium sulfate and none of the barium 
phosphate. Sometimes in work on pathological material the tri- 
chloroacetic acid filtrates are of stronger acidity than usual, due ap- 
parently to the presence of abnormally small amounts of blood pro- 
teins. In this case the directions given for the amount of sodium 
hydroxide to produce the correct pH may have to be varied. 
If upon precipitation of a filtrate no sulfate shows as a cloud, be- 
fore deciding that none is present it is advisable to determine the 
pH. It has long been known that certain ions have a tendency to 
prevent quantitative sulfate precipitation and that the presence of 
others is beneficial to this process. We have confirmed this fact 
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in that we have found that the presence of sodium chloride is essen- 
tial to obtain a correct nephelometric reading. 

In all the determinations the neutralization of hydrochloric 
acid by sodium hydroxide has been used as the source of the neces- 
sary sodium chloride with the exception of the total sulfur, in which 
vase sodium chloride is present in the oxidation mixture. 

If the oxidation mixture used in the determination of total sulfur 
is not heated until all trace of nitrate is decomposed and driven 
off, very low results will be obtained; indeed, in some cases the 
deficiency may amount to as much as 50 per cent. 


SUMMARY, 


Nephelometric micro methods for the quantitative determina- 
tion of inorganic, total sulfates, and total non-protein sulfur in 
blood are described, and analyses are presented showing the dis- 
tribution of these sulfur compounds in human blood and in the 
blood of several species of animals. 
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NEPHELOMETRIC METHODS FOR THE DETERMINA- 
TION OF SOME SULFUR COMPOUNDS IN URINE. 


By W. DENIS anp LUCILLE REED. 
(From the Laboratory of Bio-Chemisiry of the School of Medicine, Tulane 
University, New Orleans.) 


(Received for publication, October 22, 1926.) 


The nephelometric methods for the determination of the non- 
protein sulfur compounds of blood described in the preceding paper 
may also be used with urine. There are now available several 
excellent methods for the determination of these constituents 
in urine, for in addition to the standard gravimetric technique 
various modifications of the benzidine titration method have been 
proposed, and in addition Lorber (1) has recently suggested a 
nephelometric procedure. The method described below possesses, 
we believe, certain qualities which make it of value in cases where 
extremely small quantities of urine are available for analysis 
either on account of the small size of the experimental animal, or 
because of the necessity of making analysis of urine collected for 
relatively short periods. It also possesses the advantage of re- 
quiring for its use the minimum of time and of reagents. The 
details of the application of this method to the determination of 
the various sulfur fractions in urine are as follows. 


Solutions and Apparatus. 


The reagents required are identical with those used on the work 
in blood. As the necessary details regarding the preparation of 
these solutions are given in the preceding paper they will not be 
repeated here. 

All readings have been made with the Kober nephelometer. 


Dilution of Urine. 
As our nephelometric procedure for the determination of sul- 
fates gives the best results when concentration of the sulfate ion is 


OD 
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in the neighborhood of 0.1 mg. of §, it is invariably necessary to 
dilute the urine. We have found that the most convenient dilu- 
tions are 1 to 2 or 1 to 5 for human urine and 1 to 10 for the urine 
of cats and dogs. 

We have found it most convenient in practice to dilute the 
urine to a proper concentration for the total sulfur determination, 
and if necessary to use 2 cc. of this dilution in place of 1 cc., as 
recommended below for the determination of inorganic and total 
sulfates. ‘This additional volume must of course be balanced by 
the addition of 1 cc. more water to the standard. 


Determination of Inorganic Sulfates. 


To 1 ce. of the dilute urine (which contains in the neighborhood 
of 0.1 mg. of S as SO,) add 15 ce. of 0.1 N HCl, 2 ec. of 0.6 nN NaOH, 
1 cc. of 5 per cent sulfate-free gelatin, and 5 cc. of 1 per cent BaCl, 
solution. Allow to stand 15 minutes and read in the nephelometer 
against a standard which has been prepared at the same time as 
the unknown, and in which 1 cc. of diluted urine is replaced by 1 cc. 
of K,SO, standard equivalent to 0.1 mg. of 8. 


Determination of Total Sulfates. 


Place 1 cc. of diluted urine in a Pyrex test-tube together with 
4 cc.of 1 n HCl, and boil gently with a free flame for not less than 
15 to 20 minutes. When solid particles begin to settle out, heating 
should be discontinued, and the residue dissolved in 15 ce. of 0.1 
NHCI. To this solution then add 2 cc. of 0.6 N NaOH, 1 ce. of 5 per 
cent gelatin, and 5 cc. of 1 per cent BaCl, solution. The standard 
is prepared at the same time by substituting for the diluted urine 
1 ec. of K.SO, solution equivalent to 0.1 mg. of S. Both standard 
and unknown are allowed to stand for 15 minutes and are then 
read in the nephelometer. 


Determination of Ethereal Sulfates. 


This fraction is calculated in the customary manner by differ- 
ence between the values for total sulfates and inorganic sulfates. 
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Determination of Total Sulfur. 


Place 1 cc. of diluted urine in a Pyrex test-tube, add 1 cc. of the 
Zn(NO3)2 oxidation mixture, and evaporate to dryness over a free 
flame. Dissolve the residue in 2 cc. of 1N HCl, add 15 ce. of 
distilled water, 1 cc. of 5 per cent gelatin, and 5 cc. of 1 per cent 
BaCl, solution. 

TABLE I. 


Comparison of Results Obtained on Urine by Gravimetric and 
Nephelometric Methods. 





Inorganic sulfates. Total sulfates. Total sulfur. 








Urine. Neph-| Per Neph- | Per 


: : ‘ . - : Neph- Per 
| Gravi- Gravi- Gravi- I 
metric. | _ °° cent | metric.|_°! cent | metric.|_ °!- cent 
: ““-| metric.| error. metric.| error 


| | metric error. | 








I, human. | 0.46510.440 | —5 {0.504 | 0.504) 0 0.604 |0.644 |+6 

_ ~~ | 0.1900.186 | —2 (0.22 | 0.217) —1.30.250 |0.251 |+0.4 
— ~ 0.325,0.319 | —1.8 0.369 | 0.376 +2 (0.408 (0. 426 +2.6 
— | 0.12910.1294; 0 {0.170 | 0.171) +0.5)0.210 |0.212 |+0.9 


. es | 0.26210.251 | —4 (0.2996) 0.316, +5 |0.3608/0.373 |+3 
— * | 0.092/0 0882} —3 (0.108 | 0.105) —2.7/0.124 |0.121 |—2 
7, * 0.3530.338 | —4 |0.379 | 0.377; —0.50.456 |0.479 |+5 

VIII, “ | 0.2800.293 | +4 {0.312 | 0.325, +2 (0.462 |0.465 |+0.6 

IX, cat. 0.7350.732 | —0.4/0.866 | 0.856) —1 [1.220 |1.190 |—2 
5 as 11.15 11.20 | +2 [1.39 | 1.452] +4 /1.376 |1.40 |+2 
XI, dog. | 1.08 |1.00 —0.8/1.132 | 1.162) +2 |1.350 |1.41 {+4 

0. 1 


a, * 9200.89 | —3 |0.938 | 0.934 —0.4)1.230 {1.20 |—2 





The standard is prepared at the same time as the unknown and 
is carried through the same manipulations as regards heating, etc., 
the only difference being that in place of the urine there is sub- 
stituted 1 ec. of standard K2SO, equivalent to 0.1 mg. of 8. 


Determination of Neutral Sulfur. 


This fraction is calculated in the usual way by difference between 
total sulfur and total sulfates. 

The methods outlined above have been checked by a series of 
comparative analyses made by gravimetric methods. Inorganic 
and total sulfates have been determined by the methods of 
Folin (2); total sulfur by the procedure of Benedict (3), with 
the use of Denis’ (4) modification of the oxidation mixture em- 
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ployed in the original method. The results are presented ip 
Table I. 


SUMMARY. 


Nephelometric methods are described for the rapid quantitative 
determination of the sulfur compounds in urine. It is believed 
that these methods may be of use in cases in which the quantity 
of urine available is limited to an extremely small volume. 
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NOTE ON COLORIMETER CORRECTION CURVES. 


By SYDNEY L. WRIGHT, Jr. 
(From the Ayer Clinical Laboratory, Pennsylvania Hospital, Philadelphia.) 


(Received for publication, October 28, 1926.) 


Beer’s law, the basis of colorimetric determinations, is seldom 
if ever accurate over wide variations in concentration. The cus- 
tomary method for overcoming this error is the use of a correction 
curve, prepared experimentally with solutions of known concen- 
tration. Such curves have appeared in the literature and are of 
great value in calling attention to the magnitude of the error, but 
they evidently must not be taken too literally by the reader. 

In an article describing a method (1) (based on that of Folin and 
Wu (2)) for the determination of sugar in 0.1 cc. of blood, the 
writer published a correction curve for the error encountered when 
the concentration of the unknown varies widely from that of the 
standard. Since that time he has had occasion to doubt the 
value of such curves when intended for use outside the laboratory 
in which they were prepared. This method (Folin and Wu) is 
now so widely used that it would seem worth while to point out 
the differences between the colorimetric error as found by Rothberg 
and Evans (3) and by Oser and Karr (4). Their findings, re- 
calculated so that the correction expressed in mg. is plotted against 
the apparent value as calculated by the ordinary method, are 
shown in Fig. 1. With them are shown the curves used in this 
laboratory with standards of 75 and 150 mg. of sugar, also the 
correction applied by Guillaumin (5) to Folin and Wu’s earlier 
method (6). To avoid confusion the best curve is taken in each 
case, and no attempt made to indicate the experimental points. 
As is shown, for example, on the graph, when the observed colori- 
metric reading is 150 mg. and a standard of 100 mg. is used, the 
correction to be subtracted is, according to Oser and Karr, 6 mg., 
to Guillaumin 8 mg., to Rothberg and Evans 13 mg., giving 
corrected results of 144, 142, and 137 respectively. At other 
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Fie. 1. Colorimeter curves. Folin and Wu sugar determination. 
Showing the corrections to be subtracted from the observed value to obtain 
the true concentration, as reported by several investigators. The curves 
found in this laboratory for use with standards of 75 and 150 mg. are in- 
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points the divergence is wider, but the two first named show 
remarkable agreement when using the standard of 200 mg. 

In this laboratory, for clinical purposes, a single standard 
corresponding to 150 mg. of sugar is used, as it is felt that accurate 
determinations are of relatively more importance near that con- 
centration, and bloods of greater or less concentration than 150 
mg. per 100 ce. are corrected from the graph. The standard of 
75 mg. is the one used in micro sugar determinations where the 
dilution of the blood when precipitated is 20 volumes instead of 
the usual 10. 

Whether the different degree of error is due to personal varia- 
tion in matching colors that do not exactly match, to differences 
among colorimeters, or to unconscious differences in technique, 
would be difficult to decide. It is, however, a simple matter to 
prepare such a curve, and if the average deviation from the mean at 
each concentration be calculated, a fair notion of the probable 
error of any reading may be had. 

In the case of blood creatinine determinations by the Folin and 
Wu method, the use of a curve is even more important than in 
their sugar method, and Fig. 2 shows the correction curve used in 
this laboratory for creatinine. The magnitude of this error has not 
been sufficiently stressed. Here, high creatinine values are cor- 
rected by the graph about as far as indicated, and for higher values 
either the determination is repeated using a diluted filtrate, or, to 
conserve filtrate, the original colored solution is diluted with a 
solution containing 1 part of sodium picrate to 2 parts of water until 
amatch is obtained. This was recommended by Folin and Wu (6), 
and it has been found that all three methods give good agreement. 
It is not suggested that this graph be used by others without 
verification. 


SUMMARY. 


1. Variation among observers of the colorimeter correction 
curve for sugar (Folin and Wu method) is noted, and the impor- 
tance of individual determination of these curves stressed. 

2. Attention is called to the high colorimetric correction in 
creatinine determinations, a graph is shown, and other methods 
of overcoming it are referred to. 
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FRACTIONATION OF IRRADIATED CHOLESTEROL. 
I, CHEMICAL OBSERVATIONS.* 


By M. J. SHEAR anp BENJAMIN KRAMER. 


(From the Harry Caplin Pediatric Research Laboratory, The Jewish Hospital 
of Brooklyn, New York.) 


(Received for publication, October 18, 1926.) 
Fractionation. 


One of us recently reported (1) that cholesterol, as a result of 
exposure in air to light from the mercury vapor quartz lamp, 
reacts differently from untreated cholesterol towards a reagent 
consisting of aniline and concentrated hydrochloric acid. Rosen- 
heim and Webster (2) confirmed this observation. They are of the 
opinion that this reaction is not specific for vitamin D. How 
close a connection exists between the chromogenic substance 
(or substances) and the antirachitic factor remains to be seen. 
The color reaction is, however, direct chemical evidence of a 
change in cholesterol following irradiation in air for short periods. 
Since vitamin D is formed under the same conditions, fractiona- 
tion of irradiated cholesterol was undertaken with the aid of 
this color reaction in the hope of obtaining an antirachitically 
active fraction. 

The reagent is made by adding 1 part of concentrated hydro- 
chloric acid to about 15 parts of aniline. Redistilled aniline 
should be used, as the color of old specimens of aniline obscures 
the test. The color of the reagent changes on standing. Con- 
sequently it should be made up fresh shortly before using. Boil- 
ing a small quantity of purified cholesterol with the reagent in 
a test-tube for about half a minute gives a clear pale yellow solu- 
tion which remains yellow even on standing more than 24 hours. 

* A preliminary report of this investigation was read before the Society 


for Experimental Biology and Medicine, October 20, 1926 (Proc. Soc. Exp. 
Biol. and Med., 1926, xxiv, 48). 
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When a large quantity of cholesterol is taken for the test, the 
clear yellow solution solidifies on cooling, but the color remains 
yellow. After irradiation, however, the cholesterol gives a posi- 
tive reaction which varies from a yellow with a barely discernible 
red tinge, through reddish brown to a distinct red, the red color 
becoming more intense on standing. The intensity of the red 
color appears to depend on the surface area of the cholesterol 
exposed to irradiation, the time of irradiation, and on the quantity 
of irradiated cholesterol tested with a given volume of reagent. 
This change in reaction towards the aniline-hydrochloric acid 
reagent is obtained whether the cholesterol is irradiated in acetone 
solution, or as thin layers formed after evaporation of acetone, 
methyl alcohol, or petroleum ether solutions of cholesterol. 

To rule out the possibility of reaction, under the influence of 
the irradiation, between the cholesterol and the small amount of 
organic solvent which might have been adsorbed, thin layers 
were prepared from aqueous suspension. Irradiation of these 
films produced a change in behavior towards the aniline-hydro- 
chloric acid reagent similar to that obtained with films prepared 
from organic solvents. Irradiation in all the experiments re- 
ported here was carried out in air at a distance of 18 inches. Two 
mercury vapor quartz lamps were used interchangeably; one a 
Burdick and the other a Hanovia lamp, both operating on a cir- 
cuit of 110 volts. Spectrograms of the light emitted by these 
lamps, taken with a Hilger quartz spectrograph, showed that the 
spectra of both lamps extended far into the ultra-violet and that 
the corresponding lines in each were of approximately equal 
intensity. 

The recrystallization of the cholesterol was performed by dis- 
solving the cholesterol in a small quantity of hot acetone, then 
adding methyl alcohol, and evaporating off the solvents on a 
water bath. When most of the cholesterol had crystallized out, 
the mass was cooled and filtered with suction. The filtrate was 
concentrated to a smaller volume, cooled, and filtered again. 
This filtrate was evaporated to dryness and the residue ex- 
amined. The entire procedure was carried on in the open, 
exposed to the atmosphere. 

Commercial cholesterol, which gave a positive reaction with 
the aniline reagent, was recrystallized repeatedly to remove im- 
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purities. After the third recrystallization, the cholesterol gave 
a negative reaction. The filtrates, however, continued to give 
a positive reaction until about the sixth recrystallization. This 
showed that even where the amount of the chromogenic sub- 
stance in the sterol was too small to be detected with this test, 
its presence could be shown after concentration in the filtrate. 
The amount of residue obtained from the filtrate decreased pro- 
gressively with the first six recrystallizations. After that an 
approximately constant, small quantity of dry or resinous yellow 
residue was obtained. The residue from the thirteenth crystalliza- 
tion was about the same in amount as that from the sixth. Since 
the small amount of residue appeared to become constant, it is 
possible that it is a substance continuously formed from choles- 
terol under the conditions of the crystallization. 

On recrystallizing some irradiated cholesterol from methyl 
alcohol, it was noticed that the mother liquor had a faint yellow 
color. The recrystallized sterol gave a less marked reaction with 
the aniline-hydrochloric acid reagent, while the alcoholic concen- 
trate gave a more marked reaction than did the unextracted 
irradiated sterol. When the solvent in the filtrate was removed 
by evaporation there remained a small quantity of a pale yellow 
oil. 

A sample of cholesterol which had been recrystallized ten times 
was irradiated for 2 hours and again recrystallized. After evapo- 
ration of the solvents from the filtrate, there remained a few drops 
of a pale yellow oil instead of a minute quantity of dry yellow 
residue. On cooling to room temperature, the oil became viscous 
and hardened considerably. A small quantity of this oil gave a 
marked positive reaction with the aniline-hydrochloric acid re- 
agent. ‘The irradiated sterol after recrystallization reacted nega- 
tively. This cholesterol was again irradiated and recrystallized, 
and again gave a quantity of yellow oil similar in all respects, 
including amount, to the oil obtained on the previous recrystal- 
lization. This irradiation and recrystallization were repeated a 
number of times on the same sample of cholesterol and each 
time a considerable quantity of oil was obtained. The same 
result was obtained with another sample of cholesterol which had 
first been recrystallized thirteen times. This oil is therefore a 
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cholesterol derivative, or a mixture of cholesterol derivatives, 
apparently produced by the irradiation of cholesterol in air. For 
convenience, it will be referred to as “‘U. V. oil of cholesterol” 
until a more suitable name is proposed. 

The yield of crude oil was about 10 per cent when the cholesterol 
was irradiated for 2 hours, and about 5 per cent when irradiated 
for 1 hour. The crude oil contained an undetermined amount of 
cholesterol. This residual cholesterol was removed by digitonin 
precipitation, following essentially the method used by Drun- 
mond, Channon, and Coward (3). Since no digitonin was availa- 
ble at the time, the reagent employed was the Hoffman-LaRoche 
digitalin. This was found to contain about one-tenth of 1 per 
cent of ether-extractable material. In all cases the addition of 
the reagent was continued until a test portion of the filtrate 
from the digitonin precipitate gave a marked turbidity with a 
solution of cholesterol, thus insuring an excess of digitonin. 1 ce. 
of the solution, containing 10 mg. of the reagent, was required 
for every 5 mg. of crude oil before an excess of digitonin could 
be demonstrated. Since the ratio of digitonin to cholesterol in 
the precipitate is 3 to 1, it indicated that about 60 per cent of 
the crude oil was removed by this procedure. The amount of 
cholesterol-free oil recovered varied from 29 to 57 per cent; the 
average value for seven different experiments was 42 per cent. 


Color Reactions. 


With the aniline-hydrochloric acid reagent, the U. V. oil re- 
acted with the same intensity before and after the removal of the 
residual cholesterol. With Schiff’s reagent, freshly purified cho- 
lesterol required heat to develop the colors, whereas both the 
crude and cholesterol-free U. V. oils developed the colors rapidly 
in the cold. With the Liebermann-Burchard test, 1 mg. of both 
the crude and cholesterol-free U. V. oils gave decidedly positive 
results. A flash of colors was often observed, and an intense, 
bright green color developed rapidly in all cases, although the 
tint was somewhat different from that given by cholesterol. Cho- 
lesterol gave a negative Lifschiitz test for oxycholesterol, while 
a positive test was obtained with irradiated cholesterol and with 
both the crude and cholesterol-free U. V. oils. 
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When Salkowski’s test was tried on 1 mg. of the cholesterol- 
free U. V. oil, the rapid play of colors terminating in a violet was 
obtained in the upper layer, and the marked green fluorescence 
appeared in the lower layer. With 1 mg. of purified cholesterol 
no play of colors was obtained; the chloroform layer slowly be- 
came yellow, while the acid layer showed only a faint green fluo- 
rescence. With larger quantities of cholesterol, the upper layer 
became yellow and then went over to a red, but no other color 
appeared; at no time was the green fluorescence in the lower 
layer pronounced. The green fluorescence was best observed 
when the test-tube was held in a beam of sunlight and was 
regarded from the side. A purple color in the upper layer was 
obtained with cholesterol only after the reaction mixture had 
remained in the test-tube for some time. 


DISCUSSION. 


Hess, Weinstock, and Sherman (4) treated irradiated choles- 
terol with digitonin, and recovered from the filtrate an amor- 
phous yellow residue which was not precipitated by the digitonin. 
Beumer (5) found that about 8 per cent of the cholesterol, follow- 
ing irradiation for 2 hours, could not be precipitated by digitonin; 
Hess, Weinstock, and Sherman (6) obtained a 4.5 per cent loss. 
This latter value is approximately the same as the yield of choles- 
terol-free U. V. oil which we cbtained from cholesterol irradiated 
for the same length of time. Rosenheim and Webster (2) re- 
ported that as much as 10 per cent of air-irradiated cholesterol 
is not precipitable by digitonin, while with nitrogen-irradiated 
cholesterol less than 0.1 per cent is not precipitable. When choles- 
terol, irradiated in nitrogen, was fractionated by crystallization, 
they found Fraction III to be yellowish. In another experiment 
with nitrogen-irradiated cholesterol, they removed the choles- 
terol by digitonin and recovered a yellow resinous solid. Koch, 
Cahan, and Gustavson (7) separated a small amount of brown 
resinous material from irradiated cholesterol by extraction with 
liquid ammonia. Apparently then, some material is formed 
from cholesterol subsequent to irradiation, whether the irradia- 
tion is carried on in air or in nitrogen. As far as the air-irradiated 
cholesterol is concerned, our experiments show that this substance 
is an oil which is pale yellow in thin layers and in thicker layers 
is amber-colored, with an orange tinge. 
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There is a lack of agreement in the literature as to just what 
colors are obtained when Salkowski’s test is applied to cholesterol, 
Salkowski (8) himself stated that the chloroform solution quickly 
becomes blood-red, then cherry-red, and then purple, the acid 
layer at the same time exhibiting a strong green fluorescence 
We obtained no purple in the upper layer and only a slight amount 
of green in the acid, even when relatively large amounts, ie. 
about 100 mg., were taken for the test. With very small amounts 
of cholesterol Salkowski reported that the colors obtained were 
“somewhat modified.’’ We found that 1 mg. of cholesterol did 
not react at all as described above by Salkowski, whereas the play 
of colors and the brilliant green fluorescence were all obtained 
with even 0.5 mg. of the U. V. oil. 

As stated above, there is a lack of agreement in the literature 
as to the exact colors obtained with cholesterol in Salkowski’s 
test. A possible explanation for the disagreement is that the 
cholesterol used by some authors contained impurities, possibly 
cholesterol derivatives. Specimens of cholesterol may contain 
enough of an impurity to affect markedly some of its color reac- 
tions without any detectable effect on its melting point or other 
criteria of purity. The purple color mentioned by some authors, 
and the brilliant green fluorescence mentioned by others, may 
be due to contamination by cholesterol derivatives such as those 
present in the U. V. oil. These derivatives may be oxidation 
products of cholesterol, since the red chloroform layer in the 
Salkowski test with cholesterol changes to a violet or purple on 
continued exposure to the air. 

In this connection, the work of Lifschiitz is of importance. He 
showed (9) that oxycholesterol interferes in both methods usually 
used for the determination of cholesterol; 7.e., the digitonin pre- 
cipitation method and the colorimetric method in which the Lieber- 
mann-Burchard reaction is employed. He found that with 
the latter reaction, oxycholesterol, even when entirely free from 
cholesterol, reacts as does cholesterol itself. He also found that 
while pure cholesterol is quantitatively precipitated by digitonin, 
oxycholesterol also is precipitated, although only to about 50 
per cent. Asa result, neither method, unmodified, can be used 
for the accurate determination of cholesterol. He suggests a 
modification of the method, wherein the value for cholesterol is 
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obtained by difference. In a later communication (10) he gives 
another method for the quantitative estimation of cholesterol 
substances in the presence of one another. 

More recently Lifschiitz (11) demonstrated the presence of 
oxycholesterol and other cholesterol derivatives in beef blood. 
About 20 per cent of the unsaponifiable portion of beef blood li- 
poids he found to consist of cholesterol derivatives which are not 
precipitable by digitonin. Oxycholesterol was demonstrated 
in both the digitonin precipitate and in the filtrate. All of these 
substances, including those not precipitated by digitonin, give 
the Liebermann-Burchard reaction with great intensity. 

We were able to demonstrate the presence of oxycholesterol 
in both irradiated cholesterol and in the U. V. oil of cholesterol. 
Whether this oil is composed of a few or of a large number of 
cholesterol derivatives remains to be seen. The presence of an 
oxidation product in the U. V. oil of cholesterol gives support 
to our hypothesis that the changes undergone by cholesterol as 
a result of irradiation consist of oxidations in which the light acts 
as catalyst. 

By means of a clay catalyst, Bills (12) produced from choles- 
terol a resinous material which cured experimental rickets. We 
subjected some of this material, which he kindly sent us, to color 
tests, and found it to give a positive reaction with the aniline- 
hydrochloric acid reagent and a negative one for oxycholesterol. 


SUMMARY. 


1. Irradiation of cholesterol in air results in the formation of 
a yellow oil, provisionally called ‘‘U. V. oil of cholesterol.’’ 

2. Cholesterol irradiated in air for 1 hour at 18 inches yields 
about 5 per cent of crude oil. About 40 per cent of the crude oil 
is not precipitable by digitonin. 

3. The cholesterol-free U. V. oil gives positive reactions with 
the aniline-hydrochlorie acid, Liebermann-Burchard, and Sal- 
kowski tests. It also gives the Lifschiitz reaction for oxycholes- 
terol. 

4. Cholesterol, especially in small quantities, does not give a 
characteristically positive Salkowski test. This reaction, as 
described by Salkowski, is more characteristic of the U. V. oil 
of cholesterol than of cholesterol itself. 
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FRACTIONATION OF IRRADIATED CHOLESTEROL. 
II. ANTIRACHITIC POTENCY OF THE FRACTIONS.* 


By BENJAMIN KRAMER, M. J. SHEAR, anp DAVID H. SHELLING.+ 


(From the Harry Caplin Pediatric Research Laboratory, The Jewish Hospital 
of Brooklyn, New York.) 


(Received for publication, October 18, 1926.) 


There has been a number of attempts to separate an anti- 
rachitically potent fraction from cholesterol irradiated in air. Hess, 
Weinstock, and Sherman (1),and Rosenheim and ‘Webster (2) tried 
without success. The latter authors claim to have isolated an 
active fraction from cholesterol irradiated in nitrogen, but their 
published data do not seem to warrant such a claim. In one 
experiment, two fractions obtained by fractional crystallization 
from nitrogen-irradiated cholesterol gave “partial protection.” 
The number of rats tested is not given. In another experiment on 
nitrogen-irradiated cholesterol, in testing the potency of the 
portion not precipitated by digitonin apparently only two rats 
were used. Besides, conflicting results were obtained, for only 
one of the two rats showed no rickets. Nitzescu and Popoviciu 
(3) reported the separation of cholesterol, presumably irradiated 
in air, into an active and an inactive fraction. Their results were 
not given in detail so that it is impossible to decide whether their 
conclusions are warranted. However, their procedure was to 
feed the Sherman-Pappenheimer Diet 84 for 4 to 12 days, then 
incorporate the test material in that diet and feed the test material 
for 3 to4 weeks. They state that the active fraction cured rickets. 
Inasmuch as the Sherman-Pappenheimer Diet 84 does not produce 
rickets in 4 to 12 days, the rats could not have had rickets when the 
test material was first fed and consequently the material could 
not have cured rickets. 

*A preliminary report of this investigation was read before the Society 
for Experimental Biology and Medicine, October 20, 1926 (Proc. Soc. Exp. 
Biol. and Med., 1926, xxiv, 49). 

tHarry Caplin Research Fellow. 
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The preceding paper (4) is a report of the separation of a yellow 
oil from cholesterol formed as a result of irradiation in air. The 
antirachitic potency of this ““U. V. oil of cholesterol’ was tested 
by means of curative experiments on rachitic rats. At the May, 
1926, meeting of the American Pediatric Society, one of us, in 
discussing a paper by Schlutz and Ziegler, reported (5) that this 
material cures rickets in rats. During that same discussion, 
Julius H. Hess (6) stated that Koch had obtained a potent extract 
from irradiated cholesterol by means of liquid ammonia. Pre- 
viously, Koch, Cahan, and Gustavson (7) obtained a brown, 
resinous material from irradiated cholesterol by this method, but 
did not report as to its antirachitic potency. 

Very recently, Hess, Weinstock, and Sherman (8) also reported 
the separation of irradiated cholesterol into an active and an 
inactive fraction. The separation of the cholesterol digitonide 
from the soluble fraction was carried out in an atmosphere of 
nitrogen. 


EXPERIMENTAL. 


Commercial cholesterol was repeatedly recrystallized from 
acetone and methyl alcohol until the mother liquor gave a negative 
reaction with the aniline-hydrochloric acid reagent. A hot 
acetone solution of the cholesterol was poured on shallow pans and 
the solvent allowed to evaporate. The thin films thus obtained 
were irradiated in air for 1 hour at 18 inches. The crude U. V. 
oil was extracted from the irradiated cholesterol, and the 
cholesterol-free U. V. oil was prepared from the crude oil as 
described in the preceding communication (4). The substances 
tested for antirachitic potency were prepared from freshly irra- 
diated cholesterol and then immediately incorporated in the diet 
and fed to the rats. 

Rats weighing about 25 to 45 gm. were put on the Steenbock 
Diet 2965 when they were about 25 to 35 days old. They were 
kept on this diet for 17 to 31 days. Before feeding the test 
material a few rats were autopsied to determine whether the series 
had developed marked rickets. These served as initial controls. 
When the initial controls showed marked rickets, the remaining 
rats of the series were divided into groups, weighed, and then fed 
the test diets for about 11 days. One group was continued on the 
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rickets diet throughout the test period and served as a terminal 
control. At the end of the experiment all the animals wer 
autopsied and examined macroscopically. Sections of the proyi- 
mal ends of the tibize were stained with a 1 per cent silver nitrate 
solution and examined with the binocular microscope. 

By “beginning healing” is meant a scattered deposition of eal- 
cium salts at the tips of the cartilaginous processes as shown by the 
silver nitrate stain; by “moderate healing,” a definite line of newly 
deposited salts in the provisional zone of calcification, extending 
across the width of the bone section—the “‘line-test”’ of McCollum 
and his coworkers; by “advanced healing,” the calcification of 
the provisional zone and about two-thirds of the metaphysis 
while by “complete healing” is meant deposition of calcium 
throughout the metaphysis and zone of provisional calcification, 
the metaphysis nearly disappearing, the zone of cartilage assuming 
its normal width, and the bone approaching its normal arebi- 
tecture. 

Some rats became paralyzed and lost considerable weight during 
the test period, and consequently were discarded. Most of thes 
animals were on diets which contained no curative material. Sub- 
sequent experiments have shown us that a very severe rickets is 
produced with our technique in 17 to 20 days. Prolongation oi 
the period on the rickets-producing diet sometimes resulted in 
paralysis, and a few days later, in death. This paralysis may be 
due to the severity of the rickets. To avoid these losses it may be 
advisable to start the test period earlier—after about 20 days on 
the Steenbock diet. 

In the first experiment, an alcoholic solution of the crude U. V 
oil was mixed with the diet and the ethyl aleohol removed by 
evaporation. Table I shows that after 5 days on a 0.01 per cent 
level of crude U. V. oil there was healing in only one of the four 
animals. This suggested that either the amount of crude U. \ 
oil was below the minimum for healing, or that exposure of the ail 
resulted in loss of potency. For this reason, the second group 
was fed crude U. V. oil at a 2 per cent level, protected by cotton- 
seed oil, amounting to 3 per cent of the diet. This was fed for} 
days after 7 days on a 0.005 per cent level of crude U. V. oil. Ir 
this group advanced healing was obtained in all four rats (Table! 
In the second experiment, one group was killed at the beginning 
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of the test as an initial control group, and another at the end of the 
experiment, as a terminal control group. All the initial controls 
showed marked rickets; all the terminal controls showed marked 
rickets with no evidence of healing. 

From Table II it is seen that irradiated cholesterol at 0.01 per 
cent level produced beginning healing in 9 days in only three out 
of five rats. Crude U. V. oil had no curative effect in 12 days at 
0.01 per cent level. Cholesterol-free U. V. oil at 0.01 per cent 
level produced beginning healing in one rat out of four. At 0.1 
per cent level, crude U. V. oil produced healing in two rats out of 
six, while the cholesterol-free U. V. oil produced healing in all six 
animals. Some of the irradiated cholesterol was recrystallized 
from acetone and methyl alcohol. The recrystallized irradiated 
cholesterol, which reacted negatively with the aniline-hydro- 
chlorie acid reagent, was fed at a 0.2 per cent level and induced no 
healing. 

The efficacy of the mercury vapor quartz lamp used was 
tested by animal experiments as well as by the spectrograms 
mentioned in the preceding communication. Four animals were 
irradiated directly with increasing dosage over a period of 15 days. 
This group showed almost ‘complete healing of the rickets 
(Table ITI). 

In this experiment, four rats fed with irradiated cholesterol 
at 0.3 per cent level showed good healing. With 0.1 per cent 
level of crude U. V. oil protected by cottonseed oil, there was 
healing in two cases out of four; with 0.3 per cent, there was good 
healing in all five cases. With 0.3 per cent cholesterol-free U. V. 
oil protected by cottonseed oil, all five rats showed good healing. 

To make sure that the cottonseed oil did not induce healing, 
additional tests were performed (Table IV). As expected, no 
healing was obtained with cottonseed oil. 

In the last experiment (Table V) the effect of the reagent on the 
curing of rickets was tested. Since digitalin was used as the 
source of digitonin, and since about one-tenth of 1 per cent of the 
digitalin was ether-extractable, the possible curative effect of this 
material had to be ruled out. Three rats were fed the rickets diet 
to which had been added twice the quantity of ether extract of 
digitalin as would have found its way into the diet in the prepara- 
tion of a 0.3 per cent level of cholesterol-free U. V. oil diet. None 
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of the three showed any healing. Two rats were fed a diet con- 
taining 0.3 per cent cholesterol-free U. V. oil. This mixture had 
been made up 2 months previously and had been found potent. 
A quantity just sufficient for a test with two rats had remained 
from the first test. After standing for 2 months, it was still 
potent, as evidenced by the healing induced in both rats. The two 
control rats showed marked rickets, with no evidence of healing. 


DISCUSSION. 


Steenbock and Black (9) reported that irradiated cholesterol 
cures rickets even when fed at 0.01 per cent level. At this level 
we obtained healing in only three out of five rats, and the healing 
was only in the initial stage. This difference between our results 
and theirs may be due to slight differences in technique. At any 
rate, 0.01 per cent level is in the neighborhood of the minimum dose 
of irradiated cholesterol necessary to induce healing in 9 days. 
In accordance with the results reported by Hess, Weinstock, and 
Sherman (1), and subsequently confirmed by others, we found that 
irradiated cholesterol lost its antirachitic potency following recrys- 
tallization. Even at 0.2 per cent level this recrystallized choles- 
terol showed no curative powers. Crude U. V. oil of cholesterol 
when fed at 0.1 per cent level produced healing in only two cases 
out of four, even when protected by cottonseed oil, whereas at 
0.1 per cent level, the cholesterol-free U. V. oil induced healing in 
six cases out of six. Since the rats consumed on the average about 
5 gm. of diet per day, 0.1 per cent is equivalent to 5 mg. of cho- 
lesterol-free U. V. oil per rat per day. Of course, if the U. V. oil 
retained all the potency of the irradiated cholesterol from which 
it was prepared, it should cure rickets when given in much smaller 
doses. However, the extraction was carried out in the open, 
and since the antirachitic factor seems to be destroyed on exposure 
to the air, it is surprising that even as small a dose as 5 mg. per 
rat per day is sufficient to induce healing. With 0.3 per cent of 
the U. V. oil in the diet, marked healing was obtained with both 
the crude and cholesterol-free oils. 
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SUMMARY. 

1. Crude U. V. oil of cholesterol cures experimental rickets in 
rats. 

2. Cholesterol-free U. V. oil of cholesterol cures experimental 
rickets when fed at 0.1 per cent level. 

3. The antirachitic effect of the U. V. oil is not due to material 
extracted by ether from the reagent employed for the removal of 
the cholesterol. 

4. Cholesterol-free U. V. oil of cholesterol, protected by cotton- 
seed oil and incorporated in the diet, retains its antirachitic 
potency after 2 months storage. 
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GASOMETRIC MICRO-KJELDAHL DETERMINATION OF 
NITROGEN. 


By DONALD D. VAN SLYKE. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, November 11, 1926.) 


The ease and accuracy with which the manometric blood gas 
apparatus (4) makes possible the measurement of small amounts of 
gas evolved from solutions has led us to extend the use of the 
apparatus to determinations of substances other than the blood 
gases. ‘The apparatus can be used in any determination in which 
the final product is a gas, or will enter into a quantitative reaction 
producing a gas. Thereby the measurement is based, as in 
gravimetric analysis, on direct observation of the amount of sub- 
stance obtained, independent of comparison with standard 
solutions by titration, colorimeter, or otherwise. This advantage 
of directness and freedom from dependence upon the accuracy of 
standards is combined with the rapidity and ease of a final 
measurement by volume.! 


1 Technique with the manometric gas apparatus has been developed for 
exact urea determinations by measurement of the CO, of the ammonium 
carbonate formed with urease, and for approximate urea determinations 
for the hypobromite reaction; for calcium determination by precipitation 
of the calcium as oxalate, resolution in dilute sulfuric acid, and determina- 
tion of the CO, evolved by the practically instantaneous oxidation of oxalic 
acid with permanganate in the gas apparatus; for amino nitrogen by the 
nitrous acid reaction; for sugar by permitting it to reduce potassium ferri- 
cyanide, and measuring the excess ferricyanide by the Nz evolved from the 
reaction with hydrazine. These methods will be reported shortly. We 
have also attempted to determine phosphoric acid by estimating with hypo- 
bromite the ammonia of the magnesium ammonium phosphate precipitate, 
and, following a friendly suggestion by A. T. Shohl, the ammonia of the 
yellow ammonium phosphomolybdate precipitate obtained according to 
Lorenz. The ammonia contents of both precipitates under the conditions 
thus far tried have, however, been sufficiently variable to cause errors up 
toas much as + 7 per cent. 
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In this paper a method for micro-Kjeldahl determination of 
nitrogen is reported which has proven satisfactory for both experi- 
mental work and hospital routine. The ammonia in the Kjeldahl 
digest is estimated gasometrically by treatment with hypobromite 
in the manometric apparatus of Van Slyke and Neill. The pres- 
sure of 1 mg. of nitrogen measured at 2 cc. volume in the apparatus 
is about 300 mm., so that accurate readings are easy: duplicate 
results usually check to within 1 per cent. 

The gasometric determination of ammonia by measurement 
of the nitrogen gas evolved by the reaction with hypobromite, 


2NH; + 3NaBrO = 3H.0 + 3NaBr + Nz, 


has been a standard procedure of recognized accuracy for at 
least 50 years (1). The amount of nitrogen gas evolved falls 
somewhat short of that calculated by the above equation, but 
the percentage of the theoretical yield is so constant under defined 
conditions of hypobromite and alkali concentration that with the 
introduction of an empirical correction factor Classen states the 
error may without special precautions be kept within 0.5 per 
cent of the ammonia determined. 

Stehle (2) has used the hypobromite reaction in the original 
constant pressure blood gas apparatus of the writer to determine 
the ammonia nitrogen obtained in micro-Kjeldahls. Stehle found 
(3) that copper used as a catalyst for the sulfuric acid digestion 
reacted with the hypobromite to cause evolution of appreciable 
amounts of oxygen gas, which had to be absorbed with pyrogallol 
before the nitrogen volume could be observed. When this pre- 
aution was observed, theoretical results were obtained with 
sodium sulfanilate, uric acid, and urea, and results consistent 
with the macro-Kjeldahl for casein and milk. However, the ab- 
sorption of oxygen was a troublesome additional step in the pro- 
cedure and Stehle finally (3) abandoned the use of copper catalyzer, 
and carried out the digestion with only sulfuric acid and potassium 
sulfate. He found that this procedure gave satisfactory results 
for non-protein nitrogen determination in blocd filtrates. 

Our experience confirms Stehle’s, that with the blood gas appara- 
tus ammonia determinations by the hypobromite method may be 
carried out with accuracy. Without catalysts or oxidizing agents 
to assist in the Kjeldahl digestion, however, the use of the method 
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for micro-Kjeldahls would be very limited. Low results are ob- 
tained with proteins and other substances which offer resistance 
to digestion. The problem of performing a simple gasometric 
nitrogen determination therefore resolved itself into finding a 
satisfactory general catalyzer for the digestion which would not 
prevent the reaction of the ammonia with hypobromite, nor 
cause formation of gases other than the nitrogen evolved from 
the ammonia. Various catalysts and oxidizers previously 
employed for Kjeldahl determinations were tested. Mercury 
was found to form a combination with ammonia which resists 
the action of hypobromite. -Perchloric acid if used in excess 
destroyed part of the ammonia during the digestion. Hydrogen 
peroxide gave inconstant results. However, when potassium 
persulfate in great excess as used by Wong (5), was tried, satis- 
factory results were obtained with regularity. The digestion even 
of protein material is completed in a few minutes, and with less 
resistant material such as urine or blood filtrate oxidation is com- 
pleted so quickly that the dark color of carbon does not even 
appear. Furthermore, persulfate does not destroy any ammonia. 
Unnecessary prolongation of the digestion consequently does not 
injure the results, provided, of course, the overheating is not 
carried to the extreme of volatilizing ammonium sulfate. 

About the only point that requires especial consideration when 
persulfate is used is the water content of the digest at the time the 
persulfate is added. If the material to be analyzed is dissolved 
in several cc. of water per cc. of acid used, and sulfuric acid and 
persulfate are both added before the water is boiled off, all of the 
persulfate will decompose during the subsequent boiling down, and 
before the solution has become concentrated enough for digestion 
to occur. Results will accordingly be low because of lack of 
oxidizing agent during the actual digestion. This was pointed 
out by Wong (5). On the other hand, if the sulfuric acid solution 
is boiled ¢own till SO; fumes come off, and then dry persulfate is 
added, the latter will not be completely decomposed during the 
digestion, and will evolve appreciable amounts of oxygen when 
treated with hypobromite. The mixture of ordinary concentrated 
sulfuric acid and syrupy phosphoric acid, 3:1, which we finally 
came to use, appears to have enough moisture in it to act with the 
persulfate on a dry substance; and 1 cc. of water is not too much. 
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The procedure adopted for samples dissolved in more than 1 ce, 
of water is accordingly to boil down with 1 ce. of the acid mixture 
till fumes began to come off, and to add 1 gm. of persulfate, with 
1 cc. of water, to the cooled residue, before finishing the 
digestion. 

The use of phosphoric acid in the digest is not necessary but it 
accelerates the digestion. 0.1 ec. of blood serum digested with 1] 
ec. of sulfuric acid and 1 gm. of persulfate requires about 15 
minutes to clear. If a mixture of 1 part phosphoric to 3 parts of 
sulfuric acid is used, instead of sulfuric alone, 5 minutes suffice. 
A larger proportion of phosphoric acid is likely to attack the glass 
tubes. 

The hypobromite solution used was an object of considerable 
experiment. Various concentrations of bromine in various con- 
centrations of alkali have been used in the past. All of them form 
oxygen while standing. Stehle’s solution, containing per 100 cc. 
2.5 gm. of Br, 2.5 gm. of KBr, and 5.3 gm. of NaOH, was found to 
form oxygen several times as fast as solutions of bromine in more 
concentrated NaOH without bromide. The solution finally 
adopted, 1 ec. of bromine to 50 ce. of 40 per cent sodium hydroxide, 
generates oxygen so slowly that the amount formed in an hour in 
1 ce. of the solution (the amount used for an analysis) exerts at 
2 cc. volume only about 0.3 mm. pressure. The presence of 40 
gm. of NaOH per 100 ec. reduces the solubility of air in the solu- 
tion to so nearly zero that it is not necessary to extract the air 
before the solution is used, the slight trace of air present being 
included in the blank for the reagents. The amount of bromine 
present in the 1 cc. of this solution is sufficient to decompose in 1 
minute the maximum amount of ammonia for which the method 
is designed, and it is not enough to cause trouble by the rate of its 
attack on the mercury in the gas apparatus. 


Description of Method. 
Reagents. 


Sulfuric-Phosphoric Acid Mixture-—3 volumes of concentrated 
sulfuric acid are mixed with 1 volume of syrupy phosphoric acid 
(specific gravity 1.7). 
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Potassium persulfate containing less than 0.01 mg. of ammonia 
nitrogen per gm.? 

40 Per Cent Sodium Hydroxide.—40 gm. of NaOH per 100 ce. 
of solution, ammonia-free. 

Sodium Hypobromite Solution—To 50 cc. of the 40 per cent 
NaOH in a 250 ee. flask add under a hood, 1 cc. of bromine, and 
stir until the bromine is completely dissolved. Gaseous oxygen 
forms very slowly in this solution. In order to prevent some 
slight accumulation, however, the hypobromite is aerated by 
whirling it about the walls of the flask for a few seconds each time 
before a portion is used for analysis. The hypobromite solution is 
made fresh on the same half day in which it is used. 


Procedure. 


Digestion.—In a 200 * 25 mm. test-tube of Pyrex glass or silica, 
place the sample to be analyzed, containing preferably 0.3 to 1.5 
mg. of nitrogen, 1 cc. of the sulfuric-phosphoric acid mixture, and 
aglass bead to prevent bumping. If the volume of water added 
with the sample is 1 ce. or less, 1 gm. of potassium persulfate is 
added at once. If a larger volume of water is present, however, 
it is first boiled down till white fumes appear, the mixture is 
cooled, and 1 gm. of persulfate is then added, together with 1 cc. of 
water. Heating is continued until the mixture has become 
entirely clear, or after white fumes appear, in the case of sub- 
stances which oxidize so readily that the digest is clear throughout 
the period of heating. A micro burner is used, and during the final 


*Ordinary commercial K.S.0s contains much ammonia. It may be 
purified as follows. The persulfate is dissolved in 10-fold its weight of 
water previously warmed to 60-70°. The solution is made strongly alkaline 
tolitmus by addition of 40 per cent NaOH, is transferred toa vacuum distilling 
apparatus, and distilled under a pressure of less than 40 mm. When about 
one-third of the solution has been distilled off, it is replaced by an equal 
volume of water at 60-70°, more alkali is added if necessary to restore 
alkalinity to the solution, and the distillation is continued until the dis- 
tillate tested by Nessler’s reagent is ammonia-free. The addition of warm 
water and alkali may have to be repeated again before all the ammonia is 
removed. When ammonia has been completely removed, the persulfate 
solution is poured into a beaker and let stand overnight, preferably in an 
ice box, to crystallize. The crystals are washed with cold water on a 
Buchner funnel, and dried over sulfuric acid in a vacuum desiccator. 
Persulfate prepared this way can be obtained from Merck and Co. 




















240 Gasometric Micro-Kjeldail 


heating somewhat less heat is used than in the ordinary micro- 
Kjeldahl-Gunning digestion. The tip of the burner should just 
touch the bottom of the test-tube. An unnecessary intensity or 
prolongation of the heating may cause bumping, or corrosion of the 
test-tube by the phosphoric acid in the digestion mixture. 

Occasionally a substance unusually difficult to digest (e.g. a 
lipoid) may fail to clear in 15 minutes. In such a case the digest 
is cooled somewhat, and 0.2 to 0.3 gm. more of potassium per- 
sulfate with 2 or 3 drops of water is added. 

Neutralization of Digest and Transfer to Gas Apparatus.—The 
digest is cooled, 3 cc. of water are poured upon it, and a drop of 
1 per cent alizarin sulfonate is added. From a pipette 40 per cent 
sodium hydroxide is then added, a drop at a time, with occasional 
cooling of the tube in a cold water stream. The heat of the re- 
action causes solution of the solidified melt in the bottom of 
the tube. Addition of alkali is continued until the mixture 
becomes alkaline to the alizarin. 10 per cent sulfuric acid is 
then dropped in until the color just changes back to acid, in order 
to prevent loss of ammonia during subsequent deaeration. 

The solution, cooled to room temperature, is poured into the 
cup of the 50 ec. Van Slyke-Neill blood gas apparatus, and the 
volume is noted. The solution is then drawn down into the 
chamber. Into a graduated pipette is drawn enough water to 
make the total volume of the solution up to 10 or 11 cc., and this 
water is used in three portions to rinse into the gas apparatus the 
drops of solution left in the test-tube. 

Gasometric Determination of Ammonia Nitrogen.—The cock of 
the gas chamber is sealed with a drop of mercury, the chamber is 
evacuated, and is shaken 2 minutes to extract the air from the 
solution. The extracted air bubble is ejected.* The extraction is 

3 The most satisfactory technique for ejecting the gas bubble without 
any solution is to bring the pressure in the chamber to atmospheric by con- 
necting the chamber with the leveling bulb and holding the latter at sucha 
height that the mercury surfaces in chamber and bulb are on the same level. 
The cock connecting with the leveling bulb is then closed, and the cock at 
the top of the chamber is opened wide. The contents of the chamber re- 
main quiet as the pressure was already atmospheric. Now with the leveling 
bulb resting in the ring above the chamber level, the cock connecting bulb 
and chamber is slowly opened. The fluid in the chamber rises slowly until 
by closing the cock the rise is stopped when the water has filled the capillary 
at the top of the chamber. 
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repeated, yielding usually a very small second air-bubble, which 
also is ejected without permitting more than a drop of the solution 
to follow it up into the cup of the apparatus. 

The hypobromite solution is whirled for a few seconds about 
the walls of its flask to permit escape of any oxygen gas that has 
formed in it, and 1.5 cc. are transferred to the cup of the gas 
apparatus. 1 cc. is run down into the chamber. The remaining 
0.5 ec. is removed from the cup, and the cock is sealed with 
mercury. The chamber is then evacuated and shaken 2 or 3 
minutes. 

The gas volume is reduced to 2 cc. and the reading, p; mm., 
on the manometer is noted, together with the temperature. 

The gas is then ejected from the chamber,’ the meniscus of the 
solution is lowered again to the 2 cc. mark, and p» is read on the 
manometer. 

When sufficient material for duplicate analyses is available, 
one may take an amount of material containing 1 to 4 mg. of 
nitrogen, with 2 ec. of sulfuric-phosphoric acid mixture and 2 gm. 
of persulfate. The digestion is carried out in a tube marked at 
25 ec. capacity. After neutralization the digest is diluted up to 
the mark, and 10 ce. aliquot portions are taken for gasometric 
nitrogen determinations. 


Calculation. 
Mg. N = (m — p2 — cc) Xf 


where f is the factor indicating the mg. of N corresponding to 1 
mm. of pressure at the temperature noted. The factor is found 
in Table I. 

Pi — po — c = pressure of nitrogen gas from the supstance 
analyzed. 

c is the value of p; — pz obtained in a blank analysis of the 
reagents, which are digested with 1 cc. of water and otherwise 
treated as in the analysis described. With good reagents the 
blank, c, does not exceed 6 mm. 

Under the conditions given, the hypobromite yields 96 per cent 
of the theoretical amount of nitrogen gas. Consequently the 
factors in Table I give the weight of N2 measured in the apparatus 
multiplied by 1.04. 
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In order to obtain the factors in Table I, the factors in Table 
III of Van Slyke and Neill marked “Factors for O., CO, and N,, 
Sample = lcc., S = 3.5cc.,a = 2.0 ce., ¢ = 1.00” were multiplied 
py 72:98 x 1.04 = 0.0292. 

1000 
TABLE I. 
Factors by Which Millimeters of Pressure Measured at 2 Cc. Volume Are 
Muliiplied to Obtain Mg. of Nitrogen.* 














Temperature. | Factor. 
ba 4 ~ — a 
15 0.003250 
16 41 
17 27 
18 15 
19 01 
20 3192 
21 80 
22 68 
23 56 
24 45 
25 36 
26 24 
27 16 
28 3004 
29 92 
30 | 80 
31 | 71 
32 60 
33 50 
34 40 





* These factors include the empirical correction factor of 1.04, for the 


reaction with hypobromite. 


Applications to Blood and Urine Analysis. 


For determination of the total nitrogen of serum it is convenient 
to dilute 10-fold and digest 1 cc. of the solution, equivalent to 


0.1 ec. of serum. 


For albumin nitrogen in the filtrate obtained by Howe’s method, 
in which 0.5 ce. of plasma is added to 15 ce. of 22 per cent Na25Vs 
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5 ec. of the filtrate are boiled down with 1 cc. of the sulfuric- 
phosphoric acid mixture till fumes appear. The mixture is 
cooled. 1 cc. of water and 1 gm. of potassium persulfate are 
added, and the digestion is continued as usual. Because of the 
sodium sulfate present it is well to add 5 cc. of water before 
neutralizing, to avoid crystallization of the salt in the tube. The 
final volume of fluid transferred to the gas apparatus is therefore 
13 to 14 instead of 10 to 11 ecc., but the results are not affected. 

Non-protein nitrogen of blood is done on 10 ce. of trichloroacetic 
acid or Folin-Wu filtrate, which is boiled down in the tube with 
1 ec. of sulfuric-phosphoric acid mixture before adding the per- 
sulfate plus a few drops of water. 

Urines if of ordinary concentration are diluted 5-fold, if con- 
centrated, 10-fold, and 1 cc. samples of the solution are digested. 


EXPERIMENTAL, 
Analyses of Pure Substances. 


Substances readily soluble in water or dilute alcohol were 
weighed out in amounts of 100 or 200 mg. and diluted to 20 ce. 
1 cc. portions, containing 5 or 10 mg. of substance, were then 
analyzed as above described; viz., 1 ec. of 3:1 sulfuric-phosphoric 
acid mixture and 1 gm. of potassium persulfate were added, and 
the mixture was heated until it had cleared. The ammonia 
nitrogen was then determined with hypobromite. 

Substances not readily soluble in water were weighed out in 
portions of 20 to 30 mg. into Pyrex test-tubes. The substance 
was washed down to the bottom of the tube with as little water 
as possible, 2 cc. of the 3:1 sulfuric-phosphoric acid mixture were 
added, and the mixture was heated till fumes began to come off. 
It was then cooled, and 2 gm. of potassium persulfate with 1 cc. of 
water were added. The mixture was heated 7 to 9 minutes after 
ithad cleared. (It was later found that this heating after clarifica- 
tion is unnecessary.) 

4 or 5 cc. of water were poured over the digest, which was then 
neutralized as usual with 40 per cent NaOH. It was finally 
diluted up to 25 cc. volume and 10 ce. portions were transferred 
to the gas apparatus for hypobromite treatment. The results 
are given in Table II.‘ 


‘The preparations of the last four substances in the table were kindly 
furnished by Dr. W. A. Jacobs. 
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Analyses of Urines. 


Urines were diluted 5-, or 10-, or 15-fold, according to their 
apparent concentration, and 1 cc. samples, equivalent to 0.2, 0.1, 
or 0.0667 cc. of urine, were analyzed by the gasometric method, 
As controls, 5 cc. samples of the undiluted urines were analyzed 


TABLE III 
Nitrogen Determination in Urine. 





Doemeitehic nein Rial Macro- 
Gasometric micro-Kjeldahl. Kjeldahl 





Jrine No. | 
Urine Ne | Pressure of 


| 
Urine taken | > | Nitrogen per | Nitrogen per 
| 
| 











| for analysis. =e. Temperature. 100 ce. urine. 100 cc. urine 
| ' 
| ce. ra a, . A gm. = on — 
1 | 0.200 261.4 22.0 0.414 0.422 
| 2009 | 23.0 | 0.412 | 0.409 
| | 
2 | 0.200 | 4522 | 23.0 | 0.714 0.721 
| | 4514 | 23.0 | 0.713 | 0.728 
3 0.200 | 224 | 230 0.320 | 0.321 
201.9 | 28.0 0.319 | 0.329 
4 0.0667 2 | 23.5 1.105 1.144 
| 2315 | 20.8 1.104 1.141 
5 0.200 | 34.9 | 31.0 0.548 | 0.568 
| 347.3 | 21.5 0.552 | 0.569 
6 0.0667 | 271.2 | 21.5 1.292 | 1.320 
| 2763 | 220 | 1.17 | 1.312 
| 274.6 220 | 1.305 
7 0.100 329.7 | 22.5 | 1.043 1.060 
332.9 23.0 1.051 1.069 
331.9 23.0 | 1.048 








in "duplicate by the usual Kjeldahl-Gunning method, each sample 
being digested with 20 ce. of sulfuric acid, 10 gm. of potassium 
sulfate, and a small crystal of copper sulfate. The results are 
given in Table III. 
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Analyses of Serum. 


In order to ascertain the degree of constancy attainable in the 
analysis of a complex biological mixture five pairs of duplicate 
analyses were performed on one sample of horse serum. The 
serum was diluted to 10 volumes with 0.85 per cent salt solution. 
For each digestion 3 cc. of serum solution, equivalent to 0.3 cc. of 


TABLE IV. 
Repeated Analyses of One Specimen of Horse Serum. 











- | Pressure at 2 cc. = ‘ | on 
No. of - NY. Nit | Nitro, or 100 
edict vest Temperature. | Nitrogen in| Nitrogen per 
mm, ~~. mg. a | —_ pony se 
1 | 426.9 25.0 1.337 | 1.114 
426.5 25.0 1.336 1.113 
| 
2 | 426.7 25.3 1.336 | 1.113 
| 425.5 25.3 1.333 1.110 
| 
| | | 
3 | 422.7 25.3 | 1.324 | 1.103 
428.1 5.3 1.342 | 1.117 
4 | 430.2 25.0 1.349 1.123 
426.1 24.0 1.341 | 1.117 
| 
5 | 427.9 24.0 | 1.346 1.122 
| 427.5 24.0 1.345 | 121 
I soe che ot ce 5a gaan ends aKnumonnas Diane’ 1.113 
1.117 
| 4 


105 





serum, were mixed with 2.5 ec. of the 1:3 phosphoric-sulfuric acid 
mixture and 2 gm. of potassium persulfate. The solutions cleared 
after about 5 minutes heating. Each digest was diluted, neutral- 
ized with 40 per cent NaOH, and finally brought to 25 ce. volume. 
Of this, 10 ce. portions, equivalent to 0.12 cc. of serum each, were 
transferred to the gas apparatus for determination of the ammonia. 
Deviations between the two results from each solution indicate the 
degree of variability due to the final hypobromite nitrogen deter- 
mination in the gas apparatus, while the differences between the 
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different digests indicate the degree of error that may be introduced 
in the digestion process. 

For the control determinations by macro-Kjeldahl 10 ¢e, 
portions of the 1:10 serum dilution were each digested with 20 ee. 
of sulfuric acid, 10 gm. of potassium sulfate, and a small crystal of 
copper sulfate. The ammonia was distilled into n/14 acid, of 
which it neutralized (after correction of 0.27 for blank) 11.13, 
11.17, and 11.05 cc. in three determinations. The results are 
given in Table IV. 

Of the ten gasometric determinations, nine gave between 1.333 
and 1.349 mg. of nitrogen, maximum deviation being + 0.5 per 
cent of the mean. The other result, 1.324 mg., deviated 1.2 per 
cent. The serum nitrogen content of 1.113 gm. per 100 cc. 
indicated by the average of the gasometric analyses agrees sufh- 
ciently well with the average of 1.108 gm. by the macro-Kjeldahl 
analyses to confirm the approximate correctness of the empirical 
1.04 correction factor used in the calculation of the hypobromite 
results. 

SUMMARY. 


A micro-Kjeldahl method is described in which a quick digestion 
is obtained by the use of a mixture of sulfuric and phosphoric 
acids and potassium persulfate, and in which the ammonia formed 
is determined gasometrically. The neutralized digest is washed 
into the manometric gas apparatus of Van Slyke and Neill, and is 
there treated with hypobromite. The nitrogen gas is evolved in 
2 minutes. Results are reproducible to within 1 per cent. The 
method obviates distillation and the use of standard solutions. 


The greater part of the experimental work involved in developing 
the method here reported was carried out by John Plazin. 
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COMPARATIVE METABOLISM OF CERTAIN 
AROMATIC ACIDS. 


XI. FATE OF DIPHENYLACETIC ACID IN THE ANIMAL BODY. 


BY S. R. MIRIAM, J. T. WOLF, anp CARL P. SHERWIN. 


(From the Chemical Research Laboratory of Fordham University, New York.) 
(Received for publication, November 1, 1926.) 


In completing our series of experiments in the phenylacetic acid 
derivatives we thought it might be of interest to feed diphenylace- 
tic acid to dogs and rabbits, also if found relatively harmless, to 
determine its fate in the human organism. 


EXPERIMENTAL. 


Diphenylacetic acid was fed by means of a stomach tube to 
rabbits as a water solution of the sodium salt. The substance 
proved to be slightly more toxic than phenylacetic acid so that a 
1 gm. dose is about the average which can be well tolerated by a 
grown rabbit. The urine was collected in 24 hour periods. Total 
nitrogen, urea nitrogen, total sulfur, and ethereal sulfate were 
run in order to determine the effect on endogenous metabolism. 
Millon’s test, ferric chloride test, and the reduction according to 
Benedict were always done. The urine was next evaporated on 
a water bath and extracted in the usual manner. After feeding 
4 gm. of the acid to a rabbit, 1.5 gm. (37.5 per cent) of the sub- 
stance were recovered unchanged. 2 gm. doses were fed to two 
rabbits and the urine collected for 48 hours. In this case 2.2 
gm. (55 per cent) of the unchanged material were recovered. 
It was noted that there was always a very strong reduction with 
Benedict’s solution after the feeding of diphenylacetic acid not 
only in fresh urine but in urine which had been evaporated nearly 
to dryness. In attempts to isolate this reducing substance, the 
ammonium sulfate method was first used. It proved a failure. 
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Ether extracts of the urine were found to be contaminated with 
hippuric acid and diphenylacetic acid, making a purification of the 
substance by means of fractional crystallization impossible. The 
following method was finally used: Concentrated lead acetate 
solution was added to the urine until no further precipitate filtered 
off, and the filtrate saturated with basic lead acetate solution. 
This caused a second heavy precipitation and brought down most 
of the reducing substance. After filtration by suction, the residue 
was repeatedly washed with cold water, when the lead was pre- 
cipitated with hydrogen sulfide. The filtrate was evaporated in 
vacuo at a temperature of 10-12°. On concentration small 
amounts of diphenylacetic acid crystallized out and were filtered 
off. A dark syrupy mass of very high reducing power remained. 


Diphenylacetylglucuronic Acid. 


This substance was isolated from the syrupy mass described 
above by dissolving the mass in alcohol and then extracting in a 
separating funnel with large quantities of ether in a slightly acid 
solution. The ether solution thus obtained was kept in the ice box 
in a tightly stoppered bottle for a period of from8to10weeks. Dur- 
ing this time there formed on the sides and bottom of the receptacle 
a deposit of a fine white amorphous powder which proved to be 
diphenylacetylglucuronic acid. The substance is easily soluble 
in water, absolute alcohol, acetone, benzene, carbon disulfide, 
and most of the organic solvents, while it is relatively soluble in 
cold ether. It decomposes at 180-185°. It is levorotatory in 
water solution, but like practically all the other glucuronic acid 
conjugation products it changes to a dextrorotation when in alka- 
line solutions. The substance reacts with all the reducing reagents 
without previous hydrolysis (Fehling’s solution, Nylander’s solu- 
tion, Benedict’s reagent, and even Barfoed’s reagent). It forms 
no cyanhydrin nor does it appear to react with phenylhydrazine. 
Its ready reaction with all the reducing reagents without previous 
hydrolysis would tend to prove its instability in hot solutions, 
particularly when these are strongly alkaline. This would indi- 
cate that it belongs to the ester type of glucuronic acid conjugate 
rather than the ethereal or glucoside type and likely has the fol- 
lowing graphical formula. 
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O H 


C. H | | 
Sc—c—o—c. 


C, H.~ | 
H H—C—oO—H 


H—C—0—H 
| 
C—O—H 
| 
) 


Analysis. 

0.3236 gm. substance. C 61.32, 61.55 per cent. 
0.2214 ‘ _ H 6.01, 545 “ “* 
Calculated CooH2Os. C 61.82, H 5.15 ” - 


The 0.3 gm. of the substance was completely hydrolyzed by 
boiling for 30 minutes under a reflux condenser with 30 cc. of 
normal HCl, then neutralized with NaOH. The reducing power 
as calculated in terms of glucose was converted into glucuronic 
acid by the factor 1.085. Found, 0.1536 gm. of glucuronic acid or 
102 per cent. 0.1220 gm. of the substance without hydrolysis 
indicated the presence of 0.058 and 0.059 gm. of glucuronic acid 
or 95 and 97 per cent of the theoretical yield, which indicates that 
practically complete hydrolysis took place during the process. 


Specific Rotation. 


The rotation of a 1 per cent solution of diphenylacetylglucuronic 
acid was: 


lal” a 100 X Se cent _ _ 34.75°. 





After feeding four rabbits 2 gm. each of diphenylacetic acid and 
collecting the urine for 24 hours each, the following amounts of 
glucuronic acid were obtained from the various urines: 0.1888, 
0.1987, 0.1780, 0.2517 gm. as judged by reduction of the fresh urine 
with Benedict’s reagent. 
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Diphenylacetylglycocoll. 


As it was quite probable that we might encounter a conjugate 
of diphenylacetic acid with glycine in either the dog or rabbit, we 
decided to synthesize this product and study its properties. 

10 gm. of diphenylacetic acid were heated with 70 gm. of thionyl 
chloride on an oil bath under a reflux condenser for 2 hours. The 
excess thionyl chloride was then distilled off. Under reduced 
pressure the chloride of diphenylacetic acid distilled over as a thick 
oily material. The crude material was used for the following 
synthesis; allowing for 8 gm. of acid chloride; 2 gm. of glycocoll were 
dissolved in hot water and this solution was made slightly alkaline 


TABLE I. 
Ether Extractions. 














A ~ oe of | Teles welume. | a —. an | 
gm. hrs. ce, gm, gm. 
2.5 12 530 0.2371 0.2591 | 10.32 
2 36 410 | 0.2607 0.2849 14.25 
2 16 388 0.2929 0.3199 15.49 
2 24 412 0.3546 0.3872 19.36 
2 24 340 | 0.2567 0.2803 14.02 
6 | 60 1310 | 1.8976 2.0722 34.54 








with normal NaOH. The acid chloride was added gradually with 
constant shaking in the course of 3 hours, and gentle heat was used 
to aid the reaction while the mixture was kept slightly alkaline. 
Contents of the flask were filtered off while warm and the filtrate 
acidified to Congo red. It was again filtered to separate out the 
free diphenylacetic acid. The diphenylacetylglycocoll was al- 
lowed to crystallize slowly from the filtrate. Diphenylacetyl- 
glycocoll is a white solid crystallizing from water in prisms, soluble 
in ether, water, and ethyl alcohol; insoluble in chloroform and 
benzene. M. p. 157°C. 


Kjeldahl Analysis for Nitrogen. 


0.2833 gm. subtance required 10.42 ec. 0.1 N acid 5.15 per cent N. 
0.2066 - ™ —_—  a”-6hlU!Cl lel 
Calculated for CisH:;0;N. N, 5.20. 
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Micro Analysis for Hydrogen and Carbon. 


11.66 mg. substance gave 5.855 mg. H.O. 5.58 per cent H. 


10.00 “ ” “ 5.022 5.69 “© « & 
5.322“ “ “ 1392 “ CO. 7132 “ “ ©. 
8.112 “ ae * 21.096 “ 70.92 <‘ “ ‘i 


Calculated. H 5.58, C 71.38 
Fate of Diphenylacetic Acid in the Dog. 


6 gm. of diphenylacetic acid were fed to a dog of 20 kilos in two 
3gm. doses. Urine was collected for 48 hours after the last dose. 
It was treated as usual. From the ethyl acetate extraction of the 
urine 4.4 gm. were recovered or 73.3 per cent of the unchanged 
substance. The ether extracts of various subsequent dog urines 
after feeding diphenylacetic acid yielded a glucuronic conjugate 
as shown by Table I. 


Fate of Diphenylacetic Acid in Man. 


Five 10 gm. doses of diphenylacetic acid were ingested by vari- 
ous individuals in the course of 24 hours. The urine was treated 
in the usual manner described above. There was no sign of a 
glutamine or a glycine conjugate. Only the same glucuronic 
acid compound was found which we had met in experimenting 
with dogs and rabbits. 


SUMMARY AND CONCLUSIONS. 


Diphenylacetic acid was fed to rabbits and dogs, and ingested 
by human beings in amounts sufficient to follow its metabolic 
fate. No glycocoll or glutamine conjugate was found in any 
instance. Most of the acid was excreted unchanged. The only 
conjugation found was a glucuronic acid conjugation present in 
the urine of the human subject as well asthe animal. Diphenyl- 
acetylglycine was prepared synthetically. Diphenylacetyl- 
glucuronic acid was isolated and its properties studied. 
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IRON IN NUTRITION. 
Ill. THE EFFECTS OF DIET ON THE IRON CONTENT OF MILK.* 


By C. A. ELVEHJEM, R. C. HERRIN, anv E. B. HART. 


(From the Department of Agricultural Chemistry, Unwersity of Wisconsin, 
Madison.) 


(Received for publication, November 10, 1926.) 


The fact that the iron content of milk is relatively low and that 
milk is the sole food of young mammals during a considerable 
period of rapid growth, makes the study of the relation of diet to 
the iron content of milk of practical importance. The familiar 
experiments of Bunge and Abderhalden showed that the ash of 
milk and the ash of the new born animal, of the same species, were 
very similar in all constituents except iron, which is almost six 
times as abundant in the ash of the young animal as it is in the 
ash of the milk on which it is nourished. Nature has compensated 
for this difference by supplying the animal at birth with a reserve 
store of iron, but often this supply is depleted before food richer 
in iron supplements the milk. If the iron content of the mother’s 
milk could be increased by giving her a varied diet, some of the 
difficulties experienced with whole milk diets might be prevented. 

Sherman (1), reviewing the literature on this problem, finds 
varied results and conclusions. Some investigators claim to have 
been able to increase the percentage of iron in milk by feeding 
different compounds of iron, while others have arrived at the 
opposite conclusion. Much of this was early work and the methods 
for Fe determination were still crude. Recent work on this prob- 
lem is very meager; in fact, the results which are recorded in the 
recent literature were obtained from experiments which did not 
have this specific problem in mind. Hess, Unger, and Supplee (2), 
in studying the antiscorbutic potency of milk produced by cows 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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getting different rations, give analyses which show the iron con- 
tent of milk produced by cows on pasture to be twice as high as 
that from cows on a normal winter ration. These workers do not 
give the methods used for iron determination, nor do they make 
any comment on the variations found. 

The increasing amount of work on iron metabolism readily 
shows the necessity of studying the iron content of milk pro- 
duced under different conditions. In studies on iron metabolism 
the basal ration of the experimental animals generally consists 
of whole milk, presumably cow’s milk. If the percentage of iron 
in the milk of these cows fluctuates with the change in their diet, 
then any variation in their ration may influence the results. On 
the other hand in studying changes in the young due to variation 
in diet, it is important to know if these changes have been caused 
by fluctuations in the amount of iron in the mother’s milk. 
McGowan and Crichton (3), in their paper on “Iron Deficiency in 
Pigs” realized the value of studying the amount of iron in the 
mother’s milk. They were unable to determine whether the young 
pigs, from sows receiving daily administrations of Fe,O;, were 
benefited by the transfer of this iron through the milk, or by ob- 
taining an extra supply from refuse. 

We became interested some time ago in studying this problem 
further by actually determining the iron in milk from animals 
receiving a basal ration plus various additions, but we were handi- 
capped by the lack of accurate methods of determining iron. 
Recently we developed a method (4) by which the amount of iron 
in milk may be determined very accurately. Making use of this 
method we have studied the iron content of milk from goats 
receiving different rations. The two goats used were mature 
lactating animals which were brought into the laboratory and 
kept on a basal ration 1 week before the experiment was begun. 
The basal ration consisted of 2 parts of a grain mixture and 1 part 
of alfalfa hay. The approximate daily intake was 300 gm. of hay 
and 600 gm. of the grain mixture per goat. The grain mixture 
consisted of ground yellow corn 59 parts, wheat bran 25 parts, 
oil meal 15 parts, and NaCl 1 part. 

After 1 week of preliminary feeding, the animals were placed 
on the basal ration for a period of 13 weeks. They were supplied 
with distilled water ad libitum. During this time the animals 
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were milked twice daily; at each milking the milk was carefully 
measured and an aliquot taken for a weekly composite sample. 
The milk was collected in glass vessels and the samples kept in 
glass bottles to prevent any possible contamination with iron. 


TABLE I. 
Record of Yield of Milk and Percentage of Iron Found. 





arcents a | D > 
Percentage of Amount of milk. Percentage of 


a) Am« of milk. 
Week. mount of mil iron. iron. 
| 





Goat 1. | Goat 2. 





Period 1. Basal ration, 











gm. gm. 
1 7460 0.000188 7015 0.000177 
2 7230 0.000178 5400 0.000175 
3 5960 0.000174 3980 0.000166 
Average..... 0.000180 Average..... 0.000172 





Period 2. Basal ration + 0.4 gm. of Fe.O; daily. 











4 5150 | 0.000170 4700 0.000175 
5 4780 | 0.000186 4480 | 0.000156 
6 3750 0.000190 3940 | 0.000186 
7 2470 0.000183 4620 | 0.000163 
8 2190 | 0.000175 4070 | 0.000156 

Average..... 0.000181 Average.....| 0.000167 





Period 3. Basal ration + 0.4 gm. of Fe,0;-+ 450 gm. of fresh cabbage daily. 




















9 2110 0.000158 3280 0.000156 
10 1730 0.000155 | 2980 | 0.000162 
ll 1410 0.000176 2540 | 0.000142 
12 1085 | 0.000164 2075 | 0.000156 
13 | 525 0.000160 2810 | 0.000157 
| Average..... "0.000163 | Average.....| 0.000155 





The composite samples were preserved with formaldehyde. Each 
sample was analyzed for its iron content by the afore mentioned 
method (4). The 13 weeks were divided into three periods: the 
first period, consisted of 3 weeks, during which the animals were 





258 Iron in Nutrition. III 
fed the basal ration with no additions; in the second period, con- 
sisting of 5 weeks, they were fed the basal ration plus 0.4 gm. of 
FeO daily (per animal); and in the third period of 5 weeks, they 
received the basal ration plus 0.4 gm. of Fe2O;, plus 450 gm. of 
fresh cabbage daily (per animal). 

The daily addition of 0.4 gm. of Fe,O; increased the iron intake 
of each animal fivefold above the intake on the basal ration. The 
use of fresh cabbage, in Period 3, was suggested to us by our earlier 


TABLE II. 
Record of Rate of Anemia Production in Rabbits on Different Milks. 





Milk 








Average Average Average Average 
from Rabbit decrease in | decrease in Rabbit decrease in | decrease in 
period No. hemoglobin | erythrocytes No. hemoglobin | erythrocytes 
No. per week per week. per week. per week, 
Goat 1. Goat 2. 
- : per cent : : per cent ~4 
1 190 13.02 500 , 000 192 10.78 700,000 
191 6.02 240,000 | 193 9.94 600,000 
Average.. 9.52 370,000 | Average..| 10.36 650, 000 
‘a 195 6.30 200, 000 197 6.30 600,000 
196 10.60 900, 000 198 2.40 100,000 
Average... 8.45 550,000 | Average... 4.35 350,000 
3 | 276 8.7 300 , 000 278 11.40 500,000 
277 7.10 300, 000 279 7.10 700,000 
Average. . 7.90 | 300,000 | Average. . 9.25 600 , 000 


work (5) which showed the beneficial effect of the direct feeding 
of green cabbage on the assimilation of iron in young rabbits. 

Table I shows the amount of milk given by each goat and the 
percentage of iron in the milk from each of the goats during the 
various feeding periods. 

In order to make a further study of any possible change in the 
milk during the three feeding periods, two rabbits were started 
when 1 month old on the milk from each goat during each individ- 
ual period. We have shown before that by placing a young rabbit 
at weaning time on a diet of cow’s milk alone the percentage of 
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hemoglobin decreases from about 95 per cent to 55 per cent and 
the erythrocyte count decreases from about 6 million to 3.5 
million per ¢.mm. in a period of 5 weeks. We therefore could 
follow the rate at which the blood constituents would change 
when the rabbits were receiving the different milks. The rabbits 
were kept on the specific milks from 3 to 5 weeks and the per- 
centage of hemoglobin and the erythrocyte count made weekly 
by our usual methods. From these data we have calculated the 
average decrease in hemoglobin and erythrocyte count per week 
for each animal during the different periods. These data are 
recorded in Table IT. 

From Table I it may readily be seen that the iron content of 
milk 7s not increased by feeding large amounts of iron in the ration 
or even by feeding green material such as cabbage in addition to 
the added iron. The percentage of iron in the milk seems to be an 
established amount for any specific animal and cannot be varied 
even by drastic changes in the iron content of its diet. 

Table IT shows that feeding large amounts of Fe2O; or the oxide 
with green cabbage brings about no change in the milk which will 
prevent a young growing animal from developing nutritional 
anemia. The rabbits receiving milk from the goats when they 
were fed the iron or the iron plus the cabbage developed anemia 
as rapidly as the rabbits fed the milk from the goats while on the 
basal ration. Of course we cannot say that feeding green material 
has no quantitative influence upon any factors in milk which have 
to do with iron assimilation. All we can say is that if there were 
such changes they were not of sufficient magnitude to show any 
influence when feeding such low levels of iron as found in milk. 
If iron had been added to the milk when fed to the rabbits some 
influence might have been noted, but this was not done. 

After it was found that Fe.O; had no effect on the iron content 
of milk we decided that it would be valuable to try some iron 
salt which is more soluble than the oxide. We, therefore, con- 
ducted a second experiment using two other goats. These ani- 
mals, after the preliminary feeding, were placed on the same basal 
ration as used in the first experiment. For the first period of 
3 weeks they were given only the basal ration; the second period 
of 4 weeks the iron content was increased fivefold by the addition 
of 1.33 gm. of FeSO,-7H.O per individual daily. The milk was 
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collected and analyzed in the same manner as before. The results 
of this experiment are given in Table III. 

It is apparent that even by the use of a very soluble iron salt 
such as FeSO, no change in the iron content of the milk could be 
produced. 

Further evidence substantiating our results was obtained by the 
analysis of milk from cows on different rations. For this purpose 


TABLE III. 
Record of Yield of Milk and Percentage of Iron Found. 


is | 

















Week. | Amount of milk. — — of | Amount of milk. | oe of 
Goat 3. | Goat 4. 
Period 1. Basal ration. 
peas gm. | gm. iia 

1 4760 | 0.000212 | 3345 0.000227 

2 4610 0.000211 3490 0.000209 

3 4290 0.000179 | 3290 0.000226 
Average..... 0.000200 | Average..... 0.000220 





Feriod 2. Basal ration + 1.33 gm. of FeSO4-7H.O daily. 





4 | 3920 | 0.000215 3140 0.000236 

5 3965 0.000213 3450 0.000222 

6 3945 | 0.000200 3355 0.000223 

7 3965 | 0.000193 3095 0.000216 
Average..... 0.000205 Average..... 0.000224 


we used six cows all getting the same grain mixture but three of 
the animals were fed alfalfa hay as roughage and three timothy 
hay. The cows fed alfalfa hay were also receiving about 150 ce. 
of cod liver oil daily. This gave two groups of animals receiving 
rations with a considerably different iron intake, especially when 
one notes that the alfalfa hay contained 0.0151 per cent Ie and the 
timothy hay 0.0071 per cent Fe. The milk was collected directly 
from the udder in glass vessels to prevent contact with any ma- 
terial which might affect the iron content, and analyzed by our 
usual method. We also noted the length of lactation to allow any 





XUM 


results 


m salt 
uld be 


oy the 
Irpose 





pe of 





Elvehjem, Herrin, and Hart 261 


possible correlation between the length of time of milking and the 
iron content. The results are given in Table IV. 

We find that the average per cent of iron in the milk from the 
two periods is very similar and that the milk from the cows re- 
ceiving the ration with the higher iron intake was no higher than 
that on the lower level of iron intake. However, it is very signifi- 
cant to note that the percentage of iron in the milk from the 
individual cows varies greatly. This may explain some of the 
erroneous results obtained by earlier workers. There seems to be 
no relation between the amount of iron in the milk and the length 
of lactation. 

TABLE IV. 
Iron Content in Milk from Cows on Different Rations. 




















ne Kind of roughage. Posmpteae at iron | Length of lactation. 
- —_ a. ae a eae days 
ll Alfalfa hay. 0.000187 150 
12 os - 0.000367 72 
20 4 3 0.000204 111 
= |-— = — sical seniaies a 1a 
| MRS oc e sencinen 0.000234 
24 Timothy hay. 0.000213 148 
5 | “ “ 0.000238 101 
26 «| 0.000288 175 
oe — aes, Ss i 
IE iene etlewece 0 000246 








CONCLUSION. 


1. The iron content of goat’s milk cannot be increased by feed- 
ing the goats Fe.O. or the very soluble iron salt FeSO,-7H:O. No 
noticeable change in iron content can be detected even if the addi- 
tion of the iron increases the original iron content of the ration 
fivefold. Feeding fresh green cabbage together with the FeO; 
also had a negative effect on increasing the amount of iron in the 
milk. 

2. The addition of Fe,O; or Fe2O; plus fresh green cabbage to 
the ration of a goat brought about no changes in the milk which 
would prevent the development of nutritional anemia when fed 
to young growing rabbits. 
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3. There was no difference in the average iron content of milk 
from cows on such different rations as alfalfa hay and timothy 
hay. The alfalfa hay contained twice as much iron as the timothy 
hay. The percentage of iron in the milk from individual cows 
varied as much as 100 per cent. This variation cannot be corre- 
lated with the length of the lactation period. 
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DIETARY FACTORS INFLUENCING CALCIUM 
ASSIMILATION. 


VIII. THE CALCIUM LEVEL AND SUNLIGHT AS AFFECTING 
CALCIUM EQUILIBRIUM IN MILKING COWS.* 


By E. B. HART, H. STEENBOCK, anv H. SCOTT, 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison.) 


anp G. C. HUMPHREY. 


(From the Department of Animal Husbandry, University of Wisconsin, 
Madison.) 


(Received for publication, October 29, 1926.) 


In a recent publication (1) in this series, we showed that it was 
impossible to maintain a positive calcium balance in cows milking 
45 to 60 pounds per day where the ration consisted of a grain-grain 
by product mixture, corn silage, and green grasses. It made 
little difference in respect to the calcium balances whether the 
metabolism experiment was conducted away from direct sunlight 
or in the direct sunlight of May and June. The degree of cal- 
cium negativity did seem to be somewhat reduced when the cows 
were in direct sunlight as compared with indoors, but in no case 
was a negative balance changed to a positive one. We left open 
the question whether light has any important influence upon the 
calcium and phosphorus metabolism of dairy cows. This par- 
ticular question is still under investigation and experiments are in 
progress which we hope will give a definite answer to this highly 
important problem. In the meantime work in this laboratory has 
been in progress upon the question of the influence of light— 
sunlight and the emanations from a quartz mercury lamp—upon 
the antirachitic potency of cow’s milk. The results of these re- 
searches will appear in a separate publication. 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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Since the lime intake of a green grass-silage-grain mixture is 
comparatively low, it was considered important that these earlier 
experiments be repeated in sunlight and out of sunlight, but witha 
calcium oxide intake considerably increased. The green grasses 
used in our earlier experiments were lawn clippings and consisted 
mainly of a mixture of June grass and white clover with the former 
predominating. The average calcium oxide content of these 
mixed grasses calculated to the dry basis was approximately 1.04 
per cent CaO. The total calcium oxide content of the ration of 
grains, silage, and grasses calculated to a dry basis was approxi- 
mately 0.52 per cent, or an intake of 70 to 80 gm. of calcium oxide 
daily. This was certainly not a liberal supply of calcium in view 
of the fact that calcium is liberally secreted into milk, constituting 
approximately 2.5 per cent of the dry solids as CaO, and in view 
of the additional fact that the antirachitic potency of the feeds 
used was not of a high order. 

In the maintenance of calcium equilibrium in a milking animal 
it is apparent that the following facts must always be given 
consideration: first, the calcium level of the ration; second, the 
antirachitic potency of the feeds; third, the volume of milk pro- 
duced; fourth, the physiological status of the animal which may 
influence calcium absorption from the intestine. Apparently, 
as first pointed out by Meigs (2), this last factor may become at 
times an important factor. 


EXPERIMENTAL, 


We again planned the experiments to include a metabolism 
period of 4 weeks indoors and away from the influence of direct 
sunlight and another period of 3 weeks in direct sunlight. The 
additional feature of the experiment was an increase in the calcium 
level of the ration through the feeding of } pound of marl (CaC0;) 
daily to each individual. This made the per cent of CaO in the 
ration calculated to a dry basis approximately 1.50 per cent as 
contrasted with 0.52 per cent when the ration was unsupplemented. 
The daily ration consisted of 30 pounds of corn silage, 40 pounds 
of green grasses, and a grain mixture consisting of 59 parts of 
yellow corn, 25 parts of wheat bran, 15 parts of oil meal, and 1 part 
of common salt. The amount of grain allowed daily was regu- 
lated by the milk flow and was fed at the rate of 1 pound for 3 to 
4 pounds of milk produced. 
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The lawn clippings were cut daily from 1 to 4 p.m., divided for 
the evening and morning ration, and sampled daily for analysis. 
The marl was a commercial product containing 48.5 per cent 
CaO. It was mixed with the grain. A soft water containing 2 gm. 
of CaO per 110 pounds was used. 

We planned to use three liberally milking cows for the active 
metabolism work. Early in January, 1926, six cows were set aside 
and fed a ration of corn silage, alfalfa hay of unknown curing 
history, and a grain-grain by product mixture. They were always 
kept indoors. After freshening, a timothy hay of unknown curing 
history was substituted for the alfalfa hay. This was done to 
lower the calcium intake. The three cows that were finally used 
in the metabolism experiment were pure bred Holsteins milking 
from 45 to 60 pounds of milk daily during the metabolism work. 
Cow 1 was 6 years old and freshened in February, 1926. It 
gave no trouble in food consumption. It weighed 1442 pounds 
at the beginning of the experiment, May 17, and 1468 pounds 
at the termination of the work, July 5. Cow 2 was 4 years old 
and freshened in April, 1926. It was nervous and excitable in the 
metabolism stall, failed on occasions to consume the ration com- 
pletely, and, as shown in Table II, gave us a record at variance 
with the records of the other two animals. We are recording the 
data from this cow as it appears of importance in emphasizing 
the necessity for the choice of older or, at least, quiet animals 
with phlegmatic temperaments for such studies as are here in- 
volved. This animal weighed 1203 pounds at the beginning of the 
experiment and 1222 pounds at the end. Cow 3 was 4 years old 
and freshened in March, 1926. Although but 4 years old, it was of 
quiet disposition and gave no trouble in food consumption. Its 
weight at the beginning of the experiment, May 17, was 
1308 pounds and 1380 pounds on July 5, when the experiment 
ended. 

Quantitative collection of all excreta was made by men working 
in8 hour shifts and quantitative analysis for calcium of all ingo and 
outgo recorded. The green plant tissue was sampled daily and 
analyzed. The corn silage was sampled a number of times during 
the course of the experiment for its lime content. 

As mentioned above, the first period of the metabolism work 
consisted of 4 weeks duration and was conducted indoors and out 
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of contact with direct sunlight. In the second period of 3 weeks 
the experiment was conducted in direct sunlight. The details of 


TABLE I. 
Calcium Balance and Milk Pr oduction of Cow 1 








‘ ‘ ‘ . Total Total 
ve CaO i CaO CaO Sage “y Balance | Milk pe 
Period. on —_— urine. pote a sor come — 
Green grass-no sunlight period. 
: gm. -_ 1 . om | gm . 
May 17-24....... 1194.33) 298.82) 1.90 |1495.05)1368.84|—127.21) 374 
2 ee 971.56 293.08) 3.26 |1267.901359.80} +91.90) 362 
June 1-7..... ..| 966.90) 292.68) 2.85 |1262.22,1332.72| +70.50) 362 
a Se . {1069 .44) 287.92; 0.92 |1358.28 1402.32) +44.04 358 
Green grass- “sunlight period. 
June 14-21...... 977 .98 280 47 4. 31 |1262.76 1371.11 +108. 35) 351 
a Serer 1053.36 249.97) 2.33 |1305.66 1453 .68)+-148.02) 359 


28—July 5... .|1047.94) 286.16; 2.91 |1337.01/1436.77| +99.76, 368 


TABLE II. 
Calcium Balance and Milk Production of Cow 2 




















. : . . Total Total 
— CaO CaO CaO i . =e ‘, Balance | Milk pe 
Period, "ont milk. ng =o ae per a. a og 
Green grass-no sunlight period. 
gm. gm. gm. om | gm. e m. lbs 
May 17-24.......|1131.61) 301.44; 1.85 |1434.901360.63 | —74.27| 386 
a ee 1146.54) 340.75) 1.67 |1488.96)1351.53 |—137.43) 408 
June 1-7..... .11070.16) 331.28) 10.10 |1411.54/1324.45 | —87.09 400 
a See .|1125.72) 330.86; 9.01 1465.59/1394.15 | —71.44 398 
Green grass- “sunlight pe riod. 

June 14-21...... 996.48) 312.79 15.33 |1324.60 1362.84 | +38.24 376 
" Bier nws 908.28} 263.09 1.86 |1173.931445.41*|+271.58) 336 


“«  28-July 5.. ./1123.08) 322.87) 11.08 |1457 .03)1428 .50 ~28. 53, 370 


a ‘alculated and not the actual intake. May 2 25 to 27, appeared nerv- 
ous; slow in consuming feed. June 22 to 24, off feed; consumption low. 
June 24 and thereafter, consumption normal. 





arrangement of stalls and method of conducting such an experi- 
ment have already been described in a former publication (1). 
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During the sunlight period, which lasted from June 14 to July 5, 
the average daily sunlight exposure amounted to 4.8 hours per 
day. In Tables I, II, and III are shown the results of these ex- 
periments as conducted out of sunlight and in direct sunlight. 


DISCUSSION. 


Viewed as a whole, the results secured indicate that equilibrium 
or a positive calcium balance can be secured with liberally milking 
cows receiving a ration of grains, grain by products, corn silage, 
and green grasses only when that ration is supplemented with lime. 
Without this supplement, as we have previously shown, with- 


TABLE III, 
Calcium Balance and Milk Production of Cow 8. 


_ Milk per 
week. 





| re Danita | fe Total | Total | Bala 
ay CaO in | CaO in | CaOin | Gio gx. | Cad pe 














| feces. | milk. ae | ereted, | intake. | week. 
Green grass-no sunlight period. 
gm. gm. | om. | gm. | gm. gm. | Ibs a 
May 17-24........ 1037.18) 219.13) 14.02 |1270.33 1364 .50+94.17| 309 
Ma 5.5 oe socias 1018.77| 242.45) 8.83 |1270.05)1351.53,+81.48) 306 
OS) re 1022.20) 204.66) 25.54 |1252.401324.45-+72.05 304 
Seer 1084.41) 228.50) 26.70 |1339.61/1394.15 +54.44) 299 
Green grass-sunlight period. 
June 14-21........ 1055.23) 238.49) 22.28 |1316.00 1362.84,+46.84 298 
|] eee 1149.81) 250.78) 27.57 |1428.16,1445.41/+17.25, 315 
28-July 5..... 1081.82) 234.52) 13.58 |1329.92 1428.50 +98.58) 307 





drawal of lime from the skeleton will follow and negative balances 
ensue. The unsupplemented ration used in previous experiments 
and in the experiments reported in this paper was an imitation of 
the summer feeding of many dairy cows, and it is apparent from 
the data obtained that milking cows so treated and fed must be in 
negative lime balance. By supplementing such a ration with 
lime to bring the level of CaO intake to approximately 1.50 per 
cent of the dry ration, or a daily total intake of about 200 gm. of 
calcium oxide per day, equilibrium or positive balances could be 
maintained whether the cows were indoors or in direct sunlight. 
Since positive calcium balances in two of the experimental animals 
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were secured in the first period (no sunlight period) and were 
continued in the sunlight period, it is manifest that no statement 
can be deduced from such data in respect to the influence of sun- 
light on the calcium and phosphorus metabolism of dairy cows, 
In our previous experiment (1) on the influence of sunlight on the 
calcium metabolism of milking animals, there did seem to be some 
reduction in the lime losses from the body during the sunlight 
period but negative balances were not changed to positive ones, 
Further work with more intensive ultra-violet light illumination 
must be done before a definite answer can be given to the problem 
of whether light will influence the calcium and phosphorus metab- 
olism of the dairy cow. 

The data do, however, fully support the view that with the mild 
antirachitic properties secured from such feed as green grasses cut 
in the afternoon and supplemented with corn silage and grains, 
the calcium requirement of a cow milking 45 to 60 pounds per day 
can be met when the daily lime intake is in the neighborhood of 
200 gm. This, of course, includes the calcium oxide of the feed 
as well as the supplement. ‘The data further warrant the state- 
ment that supplementing a ration of ordinary summer pasture 
(mainly non-legume) with lime carriers will be necessary for 
liberally milking cows if the maintenance of calcium equilibrium 
is desired. 

The fact that by raising the calcium level of intake calcium 
equilibrium could be secured with the ration used, finds its parallel 
in the results that have been secured on phosphorus metabolism. 
In most of our experimental work (3) with cows in which a liberal 
phosphorus intake has been secured through the feeding of grains 
supplemented with wheat bran, equilibrium or positive balances 
in respect to phosphorus have been obtained even when the ex- 
periment was conducted indoors and out of contact with direct 
sunlight. The phosphorus intake expressed as P.O; has been 
approximately 200 gm. per day for cows milking 45 to 60 pounds 
per day. 

The deductions made in this paper are from the records of Cows 
1 and 3. These animals were quiet and comfortable throughout 
the experiment and their feed consumption was complete. Cow 2 
gave a record showing negative calcium balances during the entire 
first period (no sunlight) and a positive balance in 2 of the weeks 
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of the sunlight period. These positive balances in the sunlight 
period are to be attributed to a calculated intake and not an actual 
intake—the food residues not being analyzed. These results are 
not to be interpreted as indicating a positive effect of sunlight. 
We believe that the negative calcium balance shown by this ani- 
mal during the first period was due to its nervous, excitable 
condition which influenced calcium absorption and that its record 
does not represent a normal record. 


SUMMARY. 


1. On a daily ration of 40 pounds of green grasses, 30 pounds 
of corn silage, and 12 to 14 pounds of grain and grain by products, 
the calcium oxide intake for a cow milking 45 to 60 pounds daily 
was about 70 to80gm. Calcium equilibrium cannot be maintained 
on that level of intake either in or out of sunlight. By increasing 
the calcium level to approximately 200 gm. of CaO per day, 
calcium equilibrium was established whether the metabolism ex- 
periment was conducted indoors and out of direct sunlight or in 
direct sunlight. 

2. Apparently there was sufficient of the antirachitic factor in 
the green grasses cut from 1 to 5 p.m. and the remainder of the 
ration to maintain calcium equilibrium when the intake of calcium 
was at the higher level. 

3. These data would support the view that it is desirable to 
supplement the ordinary summer pasture (non-legume) ration of 
liberally milking cows with some lime carrier. Our experimental 
animals received } pound of marl (calcium carbonate) per day. 

4. Since calcium equilibrium was established out of direct sun- 
light by the use of the higher level of calcium intake, our data 
contribute no additional facts to the question of the influence of 
ultra-violet light on the calcium and phosphorus metabolism of 
dairy cows. 
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DIETARY FACTORS INFLUENCING CALCIUM 
ASSIMILATION. 


Ix. FURTHER OBSERVATIONS ON THE INFLUENCE OF COD LIVER 
OIL ON CALCIUM ASSIMILATION IN LACTATING ANIMALS.* 


By E. B. HART, H. STEENBOCK, 8S. W. KLETZIEN, anv H. SCOTT, 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison.) 


(Received for publication, October 29, 1926.) 


In 1921 we published data (1) showing that the administration 
of cod liver oil to milking or dry goats changed negative calcium 
balances to positive balances. The experiments were of rather 
short duration and invariably led to impaired appetite, making 
the data less conclusive than we wished. With the development 
of our knowledge that the antirachitic factor is resident in the non- 
saponifiable matter of cod liver oil, it became apparent that a 
better method than feeding the raw cod liver oil was available 
for further study of the influence of this material on the calcium 
balances of milking goats. Consequently we planned to bring 
lactating goats into negative lime balance on a suitable ration and 
then administer the non-saponifiable matter of raw cod liver oil 
put up in gelatin capsules. In this way we believed that we could 
administer the antirachitic factor for a long time without impair- 
ment of appetite and at the same time feed the equivalent of the 
raw cod liver oil in relatively high concentrations. 

It is extremely important that it be definitely established 
whether raw cod liver oil will function in improving calcium as- 
similation in the lactating animal as has been established for the 
growing animal. A priori there seems to be no good reason why 
this should not be the case. However, Meigs and his associates (2) 
have recently published data showing in relatively short experi- 

* Published with the permission of the Director of the Wisconsin Agri- 
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ments that the administration of cod liver oil to the milking cow 
impaired the assimilation of calcium rather than improved jt. 
They also state that in the case of one animal the appetite was 
interfered with after the administration of the cod liver oil. With 
the sudden administration of cod liver oil and the relatively short 
experimental period of a metabolism experiment, this is not sur- 
prising. We experienced the same situation with milking goats 
after a few weeks of cod liver oil feeding. With disturbed appe- 
tites will come decreased food intake, and with the delayed lag in 
intestinal excretion larger negative calcium balances will follow. 
Such data, however, will not give a true estimate in respect to the 
efficacy of raw cod liver oil, where it is gradually administered 
and where its administration is continued over a considerable 
span of the animal’s life, thus accustoming the individual to its 
continued use. It is already established through production 
records (3), but not by metabolism experiments, that the admin- 
istration of raw cod liver oil to laying hens is very effective in in- 
creasing egg production, and one is certainly led to believe that 
this phenomenon is associated with the antirachitic factor of cod 
liver oil and better calcium assimilation since the same result is 
secured through the application of ultra-violet light. 

It is apparent that in milk production, as in egg production, the 
antirachitic factor will play an important part in the health of the 
animal if not in its producing capacity. Should further research 
fully establish the fact that artificially produced ultra-violet light 
or sunlight cannot directly furnish the antirachitic factor to cer 
tain important milk-producing animals, as for example the dairy 
cow, then recourse must be made to other available materials 
richly endowed with vitamin D. Among such materials for the 
present at least is cod liver oil, and consequently its réle in the 
nutrition of the lactating animal must be fully understood. 


EXPERIMENTAL. 





For these experiments milking goats were again used. They 
were common American grades with no distinct breeding. They | 
were brought to our metabolism room and usually placed in an 
open pen for at least a week before being placed in the metabolism 


cage. Quantitative collection of the excreta was made. ‘The 
goats were milked twice daily. Analyses were applied to the 
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weekly collection of feces and to the weekly composite of aliquots 
of urine and milk taken daily. Calcium determinations in the feeds, 
milk, and feces were made by the McCrudden method after ash- 
ing. In the urine the calcium determination was made directly 
and without ashing as further suggested by McCrudden. 

The ration used throughout was one made of chopped commercial 
alfalfa hay of unknown curing history and a grain mixture com- 
posed of 59 parts of yellow corn, 25 of wheat bran, 15 of oil meal, 
and 1 of common salt. The ration was fed in the proportion of 2 
parts of the grain mixture to 1 part of chopped alfalfa hay which 
were mixed at feeding time. This made the alfalfa 33.3 per cent 
of the ration. On this ration negative lime balances were invari- 
ably and quickly established with milking goats. After a prelimi- 
nary period of feeding the basal ration for 2 to 4 weeks, the non- 
saponifiable residue from cod liver oil was administered in gelatin 
capsules at rates equivalent to as high as 40 or 80 ce. of cod liver 
oil per day per individual. 

The cod liver oil was saponified by boiling 280 cc. of the oil in 
500 ce. of 20 per cent alcoholic KOH, cooling, and diluting with 
2000 to 3000 cc. of water. The mass was then extracted with ether, 
two extractions of about 1500 ec. each being made. The ether 
extract was evaporated before the fan, and this residue from 280 
ec. of the raw oil usually amounted to about 1} gm. This residue 
was diluted with dextrin to a weight of 3.5 gm., then divided into 
seven parts (one for each day of the week), and was equivalent to 
approximately 40 cc. of the raw oil. Each part was packed in a gel- 
atin capsule and administered by opening the mouth of the animal, 
placing the capsule in the back of the mouth, and following with 
a drench of water. After a time the use of the water drench was 
found unnecessary. Administering cod liver oil in this way ap- 
peared to have no adverse effect upon the appetite. In some cases, 
as can be seen by consulting the tables, the equivalent of a daily 
administration of 80 ce. of cod liver oil was made. Further, in 
some cases the cod liver oil was saponified twice to reduce as much 
as possible the content of obnoxious material in the non-saponi- 
fiable residue. 

As the work progressed, it became evident, as can be seen from 
Tables I, II, and III, that the administration of the non-saponi- 
fiable fraction of raw cod liver oil in capsules was having no favor- 
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able influence on the absorption of calcium. The appetite of the 
animal was not disturbed but assimilation was not improved, 
It occurred to us that because of the probable nature of vitamin 
D, its absorption from the digestive tract would be extremely 


TABLE I. 
Record of the Calcium Balance and Milk Production of Animal 1. 

















pean SS: _ — insicddiiciasani 
| Total Total Bal- 
Period CaO in | CaOin /CaOin| CaO CaO ance Milk 
, feces. | urine. | milk, ex- in- per nae 4 
| | creted.! take. week, week, 
Period 1. No addition. 
gm. gm, gm, gm, gm. gm. gm, 
eee > ok ee 5.3 | 45.2 | 36.9 | —8.3} 2897 
a . 5.3 | 46.4 | 43.1 | —3.3) 2920 
a . ere . © ef Ff 6 55.7 | 43.1 |—12.6) 3416 


Period 2. Non-saponified fraction equivalent to 40 ec. of cod liver oil 
daily. Saponified twice. Fed in capsules. 





Jan. 28-Feb. 4............| 41.0 | 0.26 6.4 | 47.6 | 43.1 | —4.5) 3289 
eS errr eT 44.1 | 0.41 7.8 | 52.3 | 43.1 | —9.2) 4006 
11-18...............| 42.2 | 0.48 | 8.1 | 50.7 | 44.7 | —6.0, 4457 
ee 7 | 59.2 | 44.7 |—14.5) 3844 


“« 18-25 errs = eo Fe 6 


Period 3. Non-saponified fraction equivalent to 80 cc. of cod liver oil 
daily. Saponified once. Fed in capsules. 


Feb. 25—Mar. 4... 59.4 | 0.51 7.8 | 67.7 | 44.7 |—23.0 4103 


Mar. 4-11 ee 63.0 | 0.39 9.1 | 72.¢ 44.7 |—27.7) 4488 
11-18 sone) O8.2 | 6.39 9.6 | 69.9 | 44.7 |—25.2) 4424 


Period 4. Non-saponified fraction. Fed after solution in 15 cc. of corn 
oil; equivalent to 80 cc. of cod liver oil daily. Saponified once. 


56.7 | —5.2) 4458 


Mar. 18-25 52.8 | 0.19 9.0 | 61.9 | 5 
oe ee 45.1 | 0.46 8.6 | 54.2 | 44.2 |-—10.0 4178 
Apr. 1-8...... 37.8 | 1.14 8.7 | 47.7 | 45.3 | —2.4| 3995 
= eee : 39.3 | 1.32 5.5 | 46.1 | 39.0 | —7.1) 2702 
19-22... 2s .| 45.6 | 1.00 7.3 | 53.9 | 45.2 | —8.7| 3702 
7.3 | 48.6 | 45.3 | —3.2) 3385 


99.99 ....| 40.0 | 1.19 


slow or practically nil unless it were administered in solution. 
Consequently we decided to administer the non-saponifiable part 
of cod liver oil not in capsules in the solid state but in solution 
in refined corn oil. By doing this we would escape the nauseating 
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effect of cod liver oil and yet administer the antirachitic factor in 
solution. The non-saponifiable matter equivalent to 40 or 80 
cc. of raw cod liver oil was dissolved in 15 ec. of refined corn oil 
by gently warming on the water bath, and then mixed with the 
grain portion of the ration. When this was done a marked im- 
provement in calcium assimilation was effected as can be seen 
from inspection of Tables I, II, and III. 


TABLE II. 
Record of Calcium Balance and Milk Production of Animal 2. 


| 


| | Total | Total | Bal- Mill 

Period CaOin|CaO in;CaOin| CaO CaO | ance : ty 

ee feces. | milk. | urine. | ex- in- | per | Bs # 

creted. take. | week. aes 

Period 1. No addition. 

qm. om. gm gm gm. om. om 

Feb. 11-18...... 45.6 | 7.0 | 0.36 | 52.9 | 43.6 | —9.3 3615 
ae ew aan 6.9 | 0.30 | 58.9 | 48.2 |—15.7) 3203 


Period 2. Non-saponified fraction equivalent to 40 cc. of cod liver oil 
daily. Saponified once. Fed in capsules. 





0 | 0.41 | 60 


Feb. 25-Mar. 4.... .| 53.1 7 5 | 43.6 |—16.9 3402 
Mar. 4-11 ; 57.2 7.8 | 0.26 | 65.2 | 43.6 |—21.6! 3577 
“ 11-18 55.6 7.8 | 0.13 | 63.5 | 43.6 |—19.9 3478 


Period 3. Non-saponified fraction. Fed after solution in 15 cc. of corn 
oil; equivalent to 40 cc. of cod liver oil daily. Saponified once. 


Mar. 18-25 90.3 7.3 | 0.42 | 58.0 | 55.6 | —2.4) 3418 
" @erne: b.see. 33.1 7.0 | 0.55 | 40.6 | 42.7 | +2.1) 3027 
eS Se 31.6 5.4 | 0.41 | 37.4 | 38.7 | +1.3) 2214 


A study of the metabolism record of Animal 1, Table I, shows a 
distinct negative calcium balance in the preliminary period when 
only the basal ration was fed. In the second period the non- 
saponifiable fraction of cod liver oil put up in capsules and fed 
equivalent to a daily intake of 40 cc. gave no improvement in the 
calcium balance. When the non-saponifiable matter equivalent 
to 80 ce. of oil was fed daily (see Period 3) there was still no im- 
provement in calcium assimilation. In fact, the greatest negative 
calcium balance was experienced in this period. When, however, 
the non-saponifiable material of 80 cc. of oil was redissolved in 
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15 ec. of refined corn oil and then administered, a marked im- 
provement in calcium assimilation resulted (see Period 4). Posi- 
tive calcium balances were not established but the fecal calcium 
was reduced from 60 gm. to approximately 40 gm. This animal 
had been in the metabolism cage for 3 months before the period 
of feeding the non-saponifiable fraction dissolved in corn oil, and 
it is not surprising that actual positive calcium balances were not 
established. 
TABLE III. 


Record of Calcium Balance and Milk Production of Animal 8. 


Total Total Bal- 


Period CaOin|CaOin}|CaOin|} CaO CaO ance Milk 
wHee. feces. | milk. | urine ex- in- per per 
creted take week week 
Period 1. No addition. 
gm. gm. gm, gm, gm, sum ym 
Feb. 11-18...... .| 41.3 8.0 | 0.10 | 49.4 | 43.6 | —5.8 3765 
_— . ae 52.1 8.4 | 0.17 | 60.6 | 48.6 |—17.0 3656 


Period 2. Non-saponified fraction; equivalent to 80 ce. of cod liver oil 
daily. Saponified once. Fed in capsules. 


Feb. 25-—Mar. 4.... 55.3 8.9 | 0.26 | 64.4 | 43.6 |—20.8 4089 
a 55.0 8.1 | 0.18 | 63.2 | 43.6 |—19.6 3437 
- 11-18 61.1 7.1 | 0.15 | 68.3 | 43.6 |—24.7| 3378 


Period 3. Non-saponified fraction. Fed after solution in 15 cc. of corn 
oil. Equivalent to 80 cc. of cod liver oil daily. Saponified once. 


Mar. 18-25 49.0 | 6.7 | 0.20} 55.9 | 55.6 | —0.3) 3315 
“ 25-Apr.1.... 35.0 6.2 | 0.28 | 41.4 | 43.1 | +1.7) 3002 
Se ee ; 30.1 6.4 | 0.79 | 37.4 | 44.1 | +6.7) 3081 
a nr 35.4 6.3 | 0.91 | 42.6 | 44.1 | +1.5, 2950 
3 | 0.36 | 40.6 | 44.1 | +3.4) 3100 


BE sve 33.9 6. 


The record of Animal 2, Table II, is still more convincing than 
the record of Animal 1. Improvement in calcium assimilation was 
not secured through the feeding of the dry, pasty non-saponifiable 
fraction of cod liver oil; but when this material was redissolved 
in 15 ee. of corn oil, a marked improvement followed. The fecal 
salcium output was reduced from 55 gm. to 31 gm. per week and 
actual positive balances established. This animal refused some 
feed during the period from April 1 to 8, but up to that time 
its appetite had been keen and vigorous. 
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The record of Animal 3, Table III, is in complete harmony with 
the record of the other two animals. With the non-saponifiable 
material fed in capsules, the fecal calcium output per week was 
55 to 60 gm.; but when this material was dissolved in corn oil and 
administered, the fecal calcium dropped to an output of from 30 to 
35 gm. per week and positive balances were established. 

It seems to us that these records are convincing proof that the 
antirachitic factor of cod liver oil is as effective an agent in promot- 
ing calcium assimilation in a lactating animal as it is in a growing 
one. The data also show that for effective results with this type of 


TABLE IV. 
Record of Calcium Balance and Milk Production of Animal 4. 


- | Tots Total alance 
CaO in | CaO in | CaO in | Total Tota Balance Milk per 


Period. feces. milk. urine. = a B.. q week. 
Period 1. No addition. 
“< Cor a 7 oe ff gm. 7 i “| ale Pa | : _ 
June 3-10..... ; 34.82 | 10.86 0.44 | 46.12 | 39.48 | —6.64, 6315 
a jane ..| 38.90 | 11.20 1.14 | 51.24 | 39.48 |—11.76) 5527 
= Fee... <. 43 .33 9.63 1.12 | 54.08 | 39.48 |—14.60 5537 


“  24-July 1.....| 37.05 | 10.19 2.00 | 49.24 | 40.02 | —9.22) 5480 


Period 2. 15 cc. of refined corn oil added daily. 


July 1-17.. 45.87 | 11.15 69 | 58.71 | 43.26 |—15.45) 5605 


] 
“ Ci.. 47.85 | 11.75 1.40 | 61.00 | 43.26 |—17.74, 5625 
“ 421.. 42.14 | 11.13 1.29 | 54.56 | 46.02 | —8.54| 5205 
“ 21-28. . 49.29 | 10.42 1 


54 | 61.88 | 52.92 | —8.96| 4740 


animal, the antirachitic vitamin must be dissolved in some suitable 
solvent. 

To furnish definite proof that the corn oil used as a solvent for 
the non-saponifiable material was not an important factor in im- 
proving the calcium assimilation in these animals, an experiment 
was run in which after a preliminary feeding of the basal ration 15 
ce. of corn oil were fed daily. The record of these results is shown 
in Table IV and makes it very evident that the corn oil itself had 
no influence on calcium assimilation. The fecal calcium was not 
reduced by its feeding and negative calcium balances remained 
quite as large as in the preliminary period. 
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As evidence that after adjustment to ordinary cod liver oil feeding 
the milking goat will show improved calcium assimilation, the 
following experiment was performed. On February 25, 1926, two 
dry goats, due to freshen the latter part of March, were placed 
on our ration of 1 part of chopped alfalfa to 2 parts of a grain 
mixture composed of 59 parts of yellow corn, 25 of wheat bran, 
15 of oil meal, and 1 of common salt. To this ration was added 
2 per cent of medicinal cod liver oil. To secure this proportion 
3 pounds of cod liver oil were mixed with 97 pounds of the grain 
mixture. The animals were allowed what they would consume 


TABLE V. 
Record of Calcium Balance and Milk Production of Animal 5. 





Total Total | Balance . 
CaO ex- CaO per Milk per 
creted. | intake week, 


CaOin | CaOin | CaOin 


hd 
sriod, 
Pe feces milk, urine. 


week, 





Period 1. Ration contained 2 per cent of medicinal cod liver oil. 








gm. gm. | gm. gm. gm. gm. gm. 

Ane. 6-16...... .| 27.39 | 18.47 1.14 | 47.00 | 38.67 | —8.33) 8105 
Re raved 35.10 | 15.10 | 0.82 | 51.02 | 38.67 |—12.35) 6805 
a 35.15 | 13.65 0.43 | 49.23 | 38.67 |—10.56; 6440 





Period 2. Ration contained 2 per cent of medicinal cod liver oil plus an 
addition of 14 gm. of CaO as calcium carbonate per week. 











Apr. 29-May 6.....| 43.62 | 12.01 0.53 | 56.17 | 52.70 | —3.47, 5980 
May 6-13.........| 44.01 | 10.33 1.03 | 55.37 | 52.67 | —2.70, 5439 
© BPE xs kon 42.75 | 9.12 | 0.54 | 52.41 | 52.67 | +0.26) 5014 
20-27........| 42.88 | 8.89 1.07 | 52.84 | 52.67 | —0.17| 4585 

“ 27-June 3..... 41.64 8.94 1.08 | 51.66 | 52.67 | +1.01| 4660 
June 3-10.........| 45.11 8.16 | 0.92 | 54.19 | 52.32 | —1.87| 4745 








Cod liver oil feeding begun 6 weeks before cage record was taken. 


of this mixture, which contained 0.73 per cent of CaO. It was 
planned to accustom the animals to the ration containing the cod 
liver oil and then, after they had freshened and were well estab- 
lished in their lactation, to transfer them to our metabolism cages 
for a calcium balance. One animal freshened in late March and 
the other in early April. The one freshening in April was a young 
animal (first gestation period) and was greatly disturbed by the 
milking process; consequently it was not used for experimental 
purposes. The other animal was placed in the matabolism cage 





XUM 


‘eeding 
n, the 
6, two 
placed 

grain 

bran, 
added 
ortion 

grain 
sume 


[ilk per 
week, 





was 
cod 
tab- 
ges 
and 
ing 
the 
ital 
age 





Hart, Steenbock, Kletzien, and Scott 279 


April 8 for a balance record and showed a negative calcium balance 
over a 3 weeks period. It was quiet and its appetite and consump- 
tion were good throughout the entire period which lasted 9 weeks. 
The fecal calcium was very low which indicated that very good cal- 
cium absorption was taking place. This animal was a liberal 
milker, giving 6 to 8 liters per week. It occurred to us that it was 
entirely possible that the calcium intake was too low in amount 
although one-third of the ration was alfalfa hay. Consequently 
we increased the calcium intake by feeding 14 gm. of CaO per 
week as calcium carbonate, giving us a ration with 1.00 per cent 
of CaO. The calcium carbonate was mixed in the grain. As seen 
in Table V, where the record of this animal is shown, the fecal 
calcium increased somewhat after the administration of the extra 
salcium, but a considerable proportion was utilized in decreasing 
the negative balance. In fact, this animal was practically in 
equilibrium on this somewhat higher level of calcium intake for a 
period of 6 weeks in the metabolism cage. We think more data 
on this particular phase of the problem should be secured but the 
deductions from the record of this animal point strongly to the 
view that when accustomed to cod liver oil feeding the lactat- 
ing goat will show improved rather than impaired calcium 
assimilation, 


SUMMARY. 


1. The non-saponifiable fraction of cod liver oil fed to lactating 
goats in capsules as a solid and pasty mass was not effective in 
improving calcium assimilation. When, however, this non- 
saponifiable material was redissolved in corn oil and then admin- 
istered, marked improvement in calcium assimilation resulted. 

2. The corn oil itself had no effect upon calcium assimilation. 

3. Accustoming the animal to direct cod liver oil feeding through 
an extended preliminary period before actual metabolism work 
was undertaken showed that this material was effective in im- 
proving calcium assimilation in the lactating animal. These 
results also support the view that the réle of vitamin D in the 
lactating animal is comparable to its réle in the growing animal. 
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CHANGES IN THE INORGANIC CONSTITUENTS OF BLOOD 
IN SUPRARENALECTOMIZED CATS AND RABBITS.* 


By EMIL J. BAUMANN anp SARAH KURLAND. 
(From the Division of Laboratories, Montefiore Hospital, New York.) 
(Received for publication, November 5, 1926.) 


As a part of our study of suprarenal function, the inorganic 
constituents of the blood and their alteration during varying de- 
grees of suprarenal activity have been investigated with the results 
reported here. Part I deals with the blood changes that accom- 
pany the marked and rapidly progressing suprarenal deficiency of 
cats. Analyses were made on both the whole blood and plasma of 
normal and suprarenalectomized cats, taken, in the latter case, 
usually shortly before death was expected. Part II deals with the 
progressive but less severe grades of suprarenal deficiency of 
rabbits. 

We have found in this laboratory macroscopic accessory supra- 
renals in «... ut 90 per cent of suprarenalectomized rabbits but in 
only 6 per cent of our cats.! This accounts at least in part for the 
more gradual onset of symptoms and longer survival of rabbits. 
Blood obtained from an ear vein of the animals was analyzed 
several times before and after suprarenalectomy. Naturally not 
enough »lood could be obtained to make a complete analysis; 
only the sodium and potassium content of the plasma was deter- 
mined, since the more significant changes seemed to occur in these 
elements. 


Part I. 
Influence of Suprarenalectomy on Na, K, Ca, Mg, Cl, Inorganic P, 
and Total P Content of Blood and Plasma of Cats. 


Experimental Procedure.—Control cats were anesthetized with 
ether and quickly exsanguinated through a cannula inserted into 


*Aided by a grant from the Ella Sachs Plotz Research Fund. 
‘Unpublished data to be reported later. 
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a carotid artery. This took not more than 15 or 20 minutes from 
the time anesthesia was commenced. The blood was collected 
in bottles containing twice recrystallized lithium citrate, 3 mg. per 
ec. of blood. The specimens were combined, and part was at 
once centrifuged for 40 minutes at 2000 revolutions per minute jn 
calibrated 15 cc. centrifuge tubes covered with a rubber cap to 
prevent evaporation; the plasma pipetted off and analyzed, 
Another analysis of whole blood was made. From these two series 
of determinations and from the percentage of red blood cells in 
whole blood, the amount of the inorganic constituents of the eryth- 
rocytes could be roughly calculated. Such analyses were made 
on the blood of eleven cats and were taken as ‘‘normal’’ values 
with the methods used. 

The suprarenalectomies were performed by Dr. David Marine 
in the following way: Under ether anesthesia a dorsal skin incision 
about 8 to 10 em. long was made over and parallel to the back 
bone. Lateral incisions were then made through the muscles 
below the last rib and in general parallel to the ribs. The glands 
were mobilized, ligated, and removed. The operation on the right 
side is entirely extraperitoneal, while on the left a small opening 
into the peritoneum usually occurs in separating the peritoneum 
from the ventral surface of the gland. The time from beginning 
to end of anesthesia varied from 30 to 40 minutes. Shaving and 
cleansing the operative field took up about half of this time. We 
are also indebted to Dr. Marine for the postmortem and his- 
tological examinations. 

Special efforts were made to keep the animals warm and clean 
after the operation. Frequent inspections were made daily. The 
diet was varied and made attractive. Kidney, liver, spleen, heart, 
other muscle, salmon, milk, and bread were used. 

Twelve to 24 hours before death was expected the suprarenalee- 
tomized cats were bled from the carotid in the same way that the 
controls were. With sufficient experience one can usually pre- 
dict death within 24 hours. Cat 261, however, was sacrificed 3 
days after suprarenalectomy when still in good condition. It 
would undoubtedly have lived several days longer. Cats 259 
and 271, that had had only one suprarenal removed, were also in 
good condition when sacrificed. 

Method of Analysis.—Chiorides were determined by the method 
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of Van Slyke (1). For water a 1 cc. sample was weighed and dried 
to constant weight over P.O; in a vacuum desiccator at a pressure 
of about 15 mm. The other determinations were made on the 
filtrates of blood and plasma after deproteinizing with trichloro- 
acetic acid. Inorganic phosphate was determined by the method of 
Bell and Doisy (2), total acid-soluble P by our modification of the 
same method (3). Na, K, and Ca estimations were made by the 
Kramer and Tisdall (4) methods with the slight changes noted 
below, and Mg by the Briggs (5) method. Sodium: The protein- 
free filtrate was evaporated to dryness with 4 to 5 ec. of concen- 
trated nitric acid. We could purchase no satisfactory potassium 
pyroantimonate. This reagent was prepared according to Schou 
(6), after which no difficulty was encountered. Potassium: 
After the cobalti-nitrite was added to the sample, it was found 
necessary to let it stand overnight for complete precipitation. To 
prevent creeping and subsequent loss of precipitate in the washing 
of the potassium cobalti-nitrite, we used water which had been 
shaken with distilled caprylic alcohol (as originally proposed by 
McLean and Van Slyke in Cl estimation). Calcium: The best 
conditions for complete precipitation were obtained by adjusting 
the reaction with dilute ammonium hydroxide, Congo red as an 
indicator, and allowing the solution to stand overnight. Sodium 
acetate was not used. Magnesium: It was necessary to use dis- 
tilled ammonia which was stored in a paraffined bottle. 

In all operations where samples were measured, calibrated 
pipettes were used. Blanks were made on all reagents. Each 
method was tested out on inorganic salt solutions. Salts added to 
blood were satisfactorily recovered. In our hands the accuracy 
of these methods was usually better than 5 per cent. Mg de- 
terminations were the least satisfactory. Whenever enough blood 
was obtained (and this was usually the case) duplicate determina- 
tions were made. In a few instances, however, owing to the 
asthenia of suprarenalectomized animals this was not possible. 

While we believe these data are correct within the limits claimed 
for them by their authors, that is better than 5 per cent, we do not 
care to stress the question of the absolute accuracy of our figures. 
For the present purpose, methods which would yield comparable 
results were desired and with the protein-free filtrate used, they 
were secured. The normal and suprarenalectomized cat bloods 


were analyzed simultaneously. 
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Results —The observations on the plasmas of the normal cats 
are summarized in Table I, those on whole blood of the same 
animals in Table II. The maximum, minimum, and average 
water percentages of plasma are 92.4, 89.5, and 91.3 respectively. 
Only the plasmas of very old cats contained less than 91 per cent 
of water, a finding in accord with similar ones in the literature. 
The percentage of plasma ranged from 56 to 71.4 with an average 
of 64.6. 



























































TABLE IL 
Inorganic Constituents of Blood of Normal Cats, 
Inor- — 
Cat No. H oO | Na K Ca Mg cl om soluble Remarks. 
| ‘ 
mg. mg. mq. mg. mg. 
cont | Ber | Ber | Ber | Be | Be | eent | oent 
247A | 83.2| 348 | 28.8] 8.1] 3.9] 368] 6.7 | 13.1 
247B 83.3) 348 7.4| 3.7 | 375| 8.1 | 13.1 
252A 79.2) 374 | 27.5| 7.1 | 3.2 | 355 
262A 79.2) 360 7.0 | 2.8| 358 | 8.1] 13.1 | Distemper. 
14 82.7) 359 8.2 | 3.6 | 366| 8.4 | 16.3 
265B 81.6! 360 | 22.1) 7.2 | 3.2] 372| 6.1] 12.5 
267B 79.7| 358 | 22.5, 7.5|3.2| 349] 6.5] 14.1 
274A 81.1) 356 | 21.3) 9.9 | 3.9 | 364] 5.8 | 11.3 
274B —‘| 80.7) 368 | 28.3) 7.7 | 2.9] 379] 5.4| 10.5 
274C =| 81.4 19.7| 7.6 | 3.0 | 376 | 4.8 | 10.4 
280A 80.2) 364 | 22.8) 7.6 | 3.4 | 375] 5.6 | 17.0 
Average....| 81.1] 360 | 24.1) 7.8 | 3.3 | 367| 6.6 | 13.1 | 








The sodium content varied from 356 to 400 mg. per 100 cc. with 
an average of 375; potassium from 15.9 to 24.4 with an average 
of 19.0; calcium from 9.4 to 11.5 with an average of 10.2; mag- 
nesium from 1.9 to 2.5 with an average of 2.4; chlorine from 402 
to 428 with an average of 415; inorganic phosphorus from 4.1 to 
8.1 with an average of 5.8, and the total acid-soluble phosphorus 
from 4.7 to 8.0 with an average of 6.5. In general, the figures 
agree with fhose found by other investigators except those for 
sodium. The only sodium determinations on cat blood and plasma 
that we have found were those of Abderhalden (7) on the pooled 
blood of three cats and his value is somewhat lower than that 
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found by us with the Kramer and Tisdall method. From the 
whole blood and plasma results, and from the approximate per- 
centage of plasma in whole blood, the content of the various ions 
in the erythrocytes is calculated. The amount of calcium in 
the erythrocytes is thus found to be about 2.0 mg. per 100 ce. 


TABLE IV. 


| | | Total 





Cat No. and ILO Me K Ca Mg Cl } In wa acid- 
sex, | ganic P. | soluble 
a 





Inorganic constituents of blood of unilaterally suprarenalectomized cats. 





| | 
mg. per | mg. per | mg. per | mg. per | mg. per | mg. per | mg. per 





} per cent | cent cent cent | cent j cent | cent cent 
259M. | 81.8! 365 | 25.1 90| 2.8 | 374 | 98 | 126 
a7 * | 81.6] 349 | 27.0 8.9| 3.6 365 4.9 10.5 





Inorganic constituents of blood of bilaterally suprarenalectomized cats. 








261 M. 79.6 320 6.8 


4.1 | 345 | 7.3 | 13.0 
260 “ 79.3| 314 | 34.1 6.9| 4.7 | 346 | 
269 F. | 308 | 340 
274 “ 76.8) 256 | 364! 66] 4.5 | 351 | 68 | 124 
273 M. | 78.3| 326 | 36.8 7.1| 4.3 332 | 8.6 
267 “ 83.1| 306 | 30.2} 7.6/] 4.2 | 313 | 6.5 | 125 
282 ‘« 79.2| 324 | 308] 7.1] 4.2 | 347 | 7.0 | 13.0 
288“ | 78.1| 303 | 42.3] 7.5] 4.1 | 321 | 7.6 | 13.9 
286 F. | 80.0} 329 | 33.2] 11.6] 4.1 | 335 | 7.4 | 134 
Average..| 79.3| 310 | 34.8| 7.7] 4.3 | 337 | 7.3 | 13.0 





Inorganic constituents of blood of bilaterally suprarenalectomized cats 
influenced by complicating factors. 


268M. | 80.5| 336 | 32.9| 7.6| 3.2 | 435 | 8.0 | 137 
272 | 80.0) 345 | 504] 10.1) 4.1 | 365 | 10.3 | 15.7 








However, the separation of cells and corpuscles by centrifuging at 
2000 revolutions per minute is by no means sharp, so that 2.0 mg. 
per cent is too high a value for the calcium content of the red blood 
cells. They contain probably less than 1 mg. per cent and per- 
haps no calcium at all, as Kramer and Tisdall (8) and earlier 
workers have found in the case of man. These investigators 
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have likewise found practically no sodium in human erythrocytes. 
In the case of the cat, however, we must conclude from our data 
that sodium is present, a finding noted previously by Abderhalden. 

The analyses of the plasma of two unilaterally suprarenalec- 
tomized cats and of twelve bilaterally suprarenalectomized cats 
are presented in Table III. In Table IV will be found the results 
of analyses of blood of two unilaterally and nine bilaterally supra- 
renalectomized cats. In addition, the results on two other supra- 
renalectomized cats which were affected by complicating factors 
are appended at the bottom of the tables. One of the animals, Cat 
272, at autopsy was found to have a terminal bronchopneumonia. 
The other cat, No. 268, was badly traumatized during the opera- 
tion. The left gland was firmly attached and in such a way that 
we were unable to secure a good exposure. The operation was 
prolonged unduly, during which time the very important and sensi- 
tive surrounding tissues were badly injured. At autopsy con- 
siderable hemorrhage and other evidences of trauma were noted. 
Some of the results are quite out of line with those on the other 
suprarenalectomized cats and they are therefore not included in 
the averages. These data would ordinarily not be reported but 
they show how completely the effects of suprarenalectomy may 
be masked by poor surgery.’ 

From Tables III and IV it will be seen that there are definite 
changes in the salts of blood and plasma of suprarenalectomized 
animals. Plasma averages only 57 per cent of the total blood 
against 65 per cent normally. In one suprarenalectomized cat 
it was only 42 per cent, in others the plasma percentage was within 


? Unfortunately, in the greater part of the literature of physiology in 
which suprarenalectomy is one of the procedures used, the influence of 
trauma and bad after care has far outweighed the influence of suprarenal- 
ectomy. This point has been stressed recently by Stewart (9); it cannot 
be over emphasized. That most investigators who have used suprarenal- 
ectomized cats, dogs, or rabbits have been studying the effects of trauma 
and shock rather than those of suprarenalectomy is evident from the fact 
that even when the suprarenals have been removed in two stages, their 
animals have usually died in less than 48 hours after removal of the second 
gland. Dogs and cats will survive a clean suprarenalectomy on the average 
5 or 6 days, while most rabbits, because of the more frequent occurrence of 
accessories, will usually survive double suprarenalectomy at least several 
weeks and often indefinitely. 
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the normal range. The plasma solids are uniformly increased on 
the average from 8.7 to 10 per cent, which indicates a plasma con- 
centration effect of 15 per cent. Lucas (10) and Stewart and 
Rogoff (11) found similar changes in dogs. Yet, in spite of 
this concentration, we find sodium and chlorine decreased in the 
plasma of all the suprarenalectomized cats, amounting on the 
average to 15 per cent for sodium and 9 per cent for chlorides, 
Similar decreases in blood chlorides have been observed by Lucas 
in suprarenalectomized dogs. 

Potassium and magnesium increase 9 and 0.8 mg. respectively 
on the average, which increases are 42 and 23 per cent above 
normal and well beyond any effect that could be ascribed to con- 
centration. Kisch (12) reports that the serum calcium of two 
suprarenalectomized rabbits first decreased and later rose above 
the normal. We find little change in the plasma calcium of most 
of the suprarenalectomized cats, which is what Lucas also found in 
the dog. In three of our cats, however, there are definitely in- 
creased values; namely, in Cats 269, 279, and 286. The analyses 
were all made in duplicate and there is no reason to question their 
accuracy. Except for these cases, we have never encountered 
such figures in the analysis of many animal and human plasmas. 
The possible significance of these high figures will be discussed 
later. No noteworthy changes were observed in the inorganic or 
total acid-soluble phosphorus. These results differ from those of 
Lucas who found a progressive rise in the blood phosphates of 
suprarenalectomized dogs. 

The changes found in blood are of about the same magnitude as 
those found in plasma. The approximate values of the inorganic 
ions for blood corpuscles were calculated and found to show the 
same variations that these elements show in plasma, but not to 
the same extent. The average decrease in plasma sodium is 15 
per cent, for corpuscles 10 per cent; the average potassium 
increase in suprarenalectomized cat plasma is 42 per cent, for 
corpuscles 36 per cent; the average magnesium increase in plasma 
is 23 per cent, for corpuscles 11 per cent, etc. The ions of the 
erythrocytes seem to undergo a secondary change as a result of 
being bathed in plasma the composition of which is changing. 

In the unilaterally suprarenalectomized cats, we find a slight 
increase in total solids, practically no change in most of the ions 
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except for a possible decrease in the plasma potassium. In both 
eats the potassium level is below the lowest normal value and about 
25 per cent below the average normal. We have too few data to 
do more than point this out. 

A few illustrative protocols are given. 


Cat 267.—Male, black; young adult. Mar. 9, 1926. Weight 3168 gm. 
Clean and fat. Under ether removed right and left suprarenals, also tiny 
accessory suprarenal on left; 9.00 to 9.40 a.m. Mar. 10. Drinks all milk. 
Mar. 11. Eats milk and little fish; slight discharge from eyes; condition 
fair. Mar. 13 to 25. Eats well; bright; occasionally shows weakness in 
hind legs. Mar. 28. Eats well; weight 2893 gm. Mar. 29. Slight nasal 
discharge; eats meat. Beginning to decline. Mar. 30. Eats little meat; 
sleeps most of time. Mar. 31. Eats about 50 gm. of meat. Declining 
fast. At4.30p.m.semicomatose. Sacrificed to get blood. 

Necropsy.—Lymph glands, prominent. Thyroid, small, withered. 
Thymus, large, cellular. Lungs, free from consolidation. Heart, small, 
firmly contracted. Stomach, numerous tiny erosions having small blood 
clots at sites. Liver, marked nutmeg appearance, soft, friable. Spleen, 
somewhat enlarged, soft, dark red. Pancreas, slightly hyperemic. No 
evidence of suprarenal tissue found at sites. Sutures visible, perfectly 
healed. Peritoneal cavity, clean. Kidney, right, some extravasation of 
blood beneath capsule, result of operation; cortex thickened, brownish 
yellow and soft. Testes, small, undeveloped, not mature. Abundant fat 
in all depositories. Back wounds, clean, healed. 

Cat 261.—Male, dark tiger; adult. Jan. 27, 1926. Weight 3301 gm. 
Clean and well nourished. Under ether removed right and left supra- 
renals complete; 11.35 a.m. to 12.05 p.m. Very slight hemorrhage on left. 
Jan. 28. Active but not eating. Jan. 29. Eats little food; dull. Jan. 30. 
Eats meat; weak, condition fairly good. Would undoubtedly have lived 
several days longer. Sacrificed to obtain blood before terminal effects 
were present. 

Necropsy.—Weight 3225 gm. Lymph glands, normal. Thyroid, normal. 
Thymus, present, involuted. Lungs, free from consolidation. Heart, in 
systole, right ventricle dilated. Stomach, empty, one tiny ulcer. Liver, 
brown. Spleen, normal. Pancreas, pale. Suprarenal sites, clean. Tes- 
tes, normal. Back wound, somewhat moist, no pus. 

Cat 269.—Female, three colored; adult. Mar. 9, 1926. Weight 3180 
gm. Clean, well nourished. Under ether removed right and left supra- 
renals; 11.30a.m. to 12.10p.m. Inadvanced pregnancy. Mar.10. Drinks 
milk. Mar. 11. Aborted; three young born this morning, one alive. 
Removed young which were about 2 weeks from term. Eats 50 gm. of 
meat and salmon. Mar. 12. Active and hearty. Eats about 200 gm. of 
meat and salmon. Mar. 13 to 14. Continues active and well. Mar. 15. 
Growing dull, sleeps a lot; eats 25 cc. of milk and 50 gm. of meat. Mar. 16. 
Eats 25 gm. of meat and little milk. Walks about actively. 4 p.m., 
labored respiration, refuses food for first time since operation. Sacrificed. 
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Necropsy.—Weight 2815 gm. Lymph glands, normal. Thyroid, small, 
translucent. Thymus, present, cellular. Heart, normal. Stomach, 
empty, no ulcers, mucosa pale. Duodenum, numerous very hyperemic 
spots. Liver, normal. Spleen, small. Pancreas, pale. Suprarenal sites, 
left, clean; right, considerable hemorrhage at site; no definite suprarenal 
tissue found on dissection through small encapsulated blood clot. Kidneys, 
small, cortex brownish yellow, pale. Ovaries, no corpora lutea visible on 
left; two atrophic ones on right. Fat, yellowish, considerable fat in all 
depositories. Back wound, clean. 


DISCUSSION. 


In considering these observations, there are certain errors that 
may result from the way the blood was obtained. We assumed 
that the effect of the anesthetic would be small since the period of 
narcosis was short, 10 minutes or less, and, in any case, the effect 
would be the same in both normal and suprarenalectomized cats. 
Anesthesia was stopped as soon as the carotid had been cannu- 
lated and bleeding commenced. In order to get sufficient blood 
for analysis, especially from small animals, it was necessary to 
exsanguinate them nearly completely, a matter of 3 to 5 minutes. 
During this time the tissues would probably give up some tissue 
fluid to the circulating fluid and so might dilute it. We cannot 
say how great this effect may be. It would probably not be as 
great in suprarenalectomized animals as in normals because it is 
not possible to obtain as much blood from the former.* 

Sodium represents 4.3 per cent of the total solids of our normal 
cat plasma but only 3.2 per cent of the solids of suprarenalecto- 
mized cat plasma, a decrease on this basis of 25 per cent. This we 
believe is the most important observation of our experiments. 
There is a concomitant but smaller decrease in blood chlorides. 
In terms of milli-equivalents, the amount of chlorides decreases 
1.1 units, while the amount of Na plus K decreases 2.2 units, 
despite an increase of 0.2 milli-equivalents in potassium. This 
leads us to infer that suprarenalectomy influences sodium metabo- 


3 Lucas and others speak of the difficulty of obtaining blood from supra- 
renalectomized animals and they have ascribed this to the thickening of the 
blood. While it is true that the blood is more viscous than in normal ani- 
mals, we are inclined to believe that the main reason for this difficulty is not 
blood concentration but the cardiovascular asthenia that is one of the most 
characteristic symptoms of suprarenal deficiency. 
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lism more than that of chlorine, and that the latter follows the 
former. 

Leaving out of consideration the CO: content of plasma, which 
could not be determined because of experimental limitations, the 
average excess of cations over anions is 5.7 milli-equivalents in 
the normal cats, while in the suprarenalectomized animals this 
figure is 4.4 milli-equivalents. If there were no corresponding 
changes in the plasma COs, this would speak for a shift toward an 
acidosis. Certainly in these data we see no evidence of an alka- 
losis in the suprarenalectomized animals, a supposition which has 
been advanced by Bornstein, Holm, and Gremels (13, 14) and by 
Keitel (15). 

The sum of the anions and cations of normal cat plasma in these 
experiments varies from 28.2 to 29.9 milli-equivalents, the average 
being 29.2. Corresponding figures for the suprarenalectomized 
cats are 25.2 to 27.5 and 26.3. That is, there is a definite decrease 
in the total salts of the plasma, despite an increase in some ions, 
a finding that is in agreement with Stewart and Rogoff’s (11) 
observation that suprarenalectomy causes a decrease in the con- 
ductivity of blood and serum, but in conflict with the observations 
of Keitel and of Rohdenberg and Krehbiel (16). Keitel found 
increases in the serum sodium, potassium, and calcium of supra- 
renalectomized dogs. Rohdenberg and Krehbiel found much 
greater increases in the sodium and calcium of suprarenalectomized 
rat blood and a decrease in potassium. The total salts increased 
400 to 800 mg. per 100 cc. While the response to suprarenalec- 
tomy of dogs and rats may differ from that of cats, we are inclined 
to suspect that these observations were made on animals that were 
suffering from the effects of trauma, bad after care, or both, rather 
than from the effects of the suprarenalectomy. No autopsy 
protocols are given in either of these papers so it is difficult to form 
a definite judgment on this point. How trauma may obscure 
the effects of suprarenalectomy has been discussed; the reader is 
again referred to the results on Cat 268, Tables III and IV. 

In the blood corpuscles the sum of the cations and anions cal- 
culated from whole blood and plasma analyses show little changes 
from the normal. 

The ratios of the various cations to one another have been shown 
to be of the greatest importance in the maintenance of various cell 
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functions. Although there have been many studies of this ques. 
tion the exact part played by each of the ions in various processes 
is still in dispute. But it can be definitely stated that alteration 
of these relations causes profound metabolic disturbances. The 
analyses we have made show that the ratios of sodium to potas- 
sium, magnesium, etc., in plasma and blood undergo even greater 
changes than the absolute values because, while there is a decrease 
in some of the ions, others increase. For example, the average 
plasma sodium to potassium ratio for normal cats is found to be 
20.0; for suprarenalectomized cats it is 11.8, a drop of 41 per cent. 
Similarly there is a fall in the sodium to magnesium ratio of 39 per 
cent. 

The relation of plasma potassium to calcium is supposed by many 
investigators to have special significance. In the normal cats, 
this ratio is 1.86, in unilaterally suprarenalectomized cats 1.28, 
and in bilaterally suprarenalectomized cats 2.43; that is, a de- 
crease of 31 per cent in the two unilaterally suprarenalectomized 
animals and an equally great increase where double suprarenalec- 
tomy was done. ‘This reversal could be looked on as a compen- 
satory effort after partial suprarenalectomy and may be a good 
measure of the degree of suprarenal deficiency. 

The highest calcium content of normal cat (adult) plasma that 
we have observed is 11.5 mg. per 100 cc.; the average of ten ani- 
mals is 10.2. Most of the analyses of cat plasma of suprarenalec- 
tomized animals fall within the normal range, but three of the 
twelve had the unusually high plasma calcium levels of 13.3, 
14.5, and 16.2 mg. per 100 cc. respectively. These cats were all 
adults. As has already been noted, there is no reason to suspect 
the accuracy of the figures. 

An explanation of these unusually high figures can be offered on 
the basis of a concept developed in this laboratory during the past 
6 years of study of the suprarenal. This hypothesis states that 
the suprarenal gland normally exerts an inhibitory or regulatory 
influence on many activities of the mammalian body. By remov- 
ing this regulatory influence (by suprarenal extirpation) the rate 
at which these functions go on should be augmented, if this as- 
sumption be correct. Marine and Baumann (17, 18) have shown 
that a severe but sublethal suprarenal insufficiency causes a higher 
metabolism and that this in turn is dependent upon increased thy- 
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roid activity. Those familiar with the pathologic findings of supra- 
renalectomized animals recognize that there is reason for believing 
that the pancreas, stomach, thymus, and other lymphoid tissues, 
as well as other organs, are functioning at zreatly increased rates. 
However, these pathological changes are not all seen in all supra- 
renalectomized animals. While the findings are highly variable, 
they occur frequently enough to show that they result from re- 
moval of the suprarenal glands. It may well be that the parathy- 
roids are also stirred to greater activity by suprarenalectomy and 
that the pouring out of more than the usual amount of parathyroid 
secretion causes the very high calcium values that have been 
found. 


In several investigations in which suprarenal injury is known to 
play a part, observations similar to ours have been made. In 
severe burns the suprarenal is badly injured; in fact, perhaps the 
most grave symptoms are caused by the secondary effect on these 
glands. Davidson (19) and Underhill (20) have found a fall of 
20 per cent or more of blood chlorides in cases of cutaneous burns. 
We believe if the sodium content of this blood had been determined 
an equally great fall in sodium would also have been noted. And 
perhaps the beneficial effect of forcing fluids in cases of burns, 
noted first by Underhill (20), is caused by the sodium chloride in 
the fluid that is administered, the water being only of secondary 
importance. 

One of the most prominent findings in animals dying in anaphy- 
lactic shock is injury of the suprarenals. Azzi (21) believes there 
isa diminution in the cations of guinea pig blood in anaphylactic 
shock, while Zunz and La Barre (22, 23) noted a decrease in both 
the sodium and chlorine in guinea pig serum. 

Finally, one additional bit of evidence that a lowering of the 
sodium and chlorine content of blood is one of the most important 
derangements occurring in suprarenalectomized animals is sug- 
gested by experiments that were made with Dr. Marine several 
years ago and that are being submitted for publication separately. 
While attempting to prolong the lives of suprarenalectomized 
cats with various suprarenal extracts, we had reason to believe 
that some seemingly potent extracts owed their effect to the salt 
inthem. This led to our injecting various salts into suprarenal- 
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ectomized animals and practically all the sodium salts used pro- 
longed life. Stewart and Rogoff (24) were able to prolong the 
lives of suprarenalectomized dogs by injection of Ringer’s solution, 
We believe this result was chiefly due to the sodium chloride of 
the Ringer solution. 

For the present the significance of these observations needs no 
further discussion. Whether some or all of the changes we have 
noted are only prodromal effects or are those of suprarenal defici- 
ency will have to be decided by further study. 


Part Il. 


Influence of Suprarenalectomy on Sodium and Potassium Content of 


Rabbit Plasma. 


Experimental Procedure.—Kight rabbits were used. They had 
had one suprarenal removed for some other work before being used 
for these experiments. Two of the eight, Rabbits 591 and 592, 
had also had their thyroids removed. At autopsy these were found 
to have large fragments of regenerated hyperplastic thyroid tissue 
so that they were suffering from only partial thyroidectomy. 
About 12 to 14 ec. of blood were obtained from a marginal ear 
vein and clotting was prevented by hirudin. The blood was at 
once centrifuged for 40 minutes at 2000 revolutions per minute, 
plasma readings taken, and samples of plasma measured out for 
water, sodium, and potassium determinations, using the same 
methods described in Part I. After two or three specimens from 
the rabbits had been analyzed over a period of 3 weeks, the second 
suprarenals were removed and bloods analyzed, usually at weekly 
intervals. 

The rabbits were fed on our stock ration of alfalfa hay and oats, 
and, in addition, had some greens or carrots twice weekly. After 
the second suprarenal had been removed, the amount of the ration 
was increased to prevent a loss of weight that usually occurs from 
the higher metabolism of suprarenalectomized rabbits. 

Results.—The results are shown in Table V. A few illustrative 
protocols are also given. 

Rabbit 591.—Male; light gray; born Mar. 16, 1925. 


May 9, 1925. Under ether removed most of right and left thyroid lobes. 
Weight 722 gm. Dec. 17. Weight 2142 gm. Under ether removed left 
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suprarenal completely. Considerable hemorrhage. Jan. 1, 1926. Wound 
healed. Used in connection with other experiments until Apr. 27, during 
which time took few small samples of blood. Apr. 27. Took 12 to 14 ce. 
blood weekly. June 2. Under ether completely removed right suprarenal, 
also a 1.5 mm. accessory suprarenal to left of inferior cava. Time, 
11.55 a.m. to 12.15 p.m. June 3. Active. Weight 1885 gm. June 7. 


TABLE V. 
Influence of Suprarenalectomy on Na and K of Rabbit Plasma. 


Date | Plasma.| H2O Na K |Plasma.| H:0 Na K 


Rabbit 586. 


Rabbit 594. 


| mg. per | mg. per 





| 
| per cent | per cent 











926 2 ver cent | mg. per | mg. per 
1926 per cent | per cent cent | cent cent | cent 
May 7 53.3 383 | 20.5] 58.0| 91.5] 380 | 20.8 

13 57.0 | 91.8 | 359 20.4 56.2 | 91.5 | 367 20.5 

— | 92.4| 393 23.2 | 91.3 | 380 20.6 
Second suprarenal removed on June 2. 

- > Lad € © | er rr or > 

June 8 50.8 | 91.7 311 23.2) 55.9] 91.0} 352 | 20.8 


15 53.8} 92.3] 323 21.6 


} 


June 14. Died. | June 17. Died. 





Rabbit 591. Rabbit 592. 


Apr.27 | 66.3); 91.4 | 62.2 | 91.7| 349 | 22.4 
May 13 67.3 | 91.4| 363 | 18.5| 54.1] 91.4) 355 | 20.3 
“ 20 66.2] 91.6] 371 | 20.6] 383 22.3 


Second suprarenal removed on June 2. 





325 | 24.7 | 





June 8 | 63.8/ 92.1 58.9 | 92.2 | 368 | 22.9 
“15 | 63.3! 91.8] 319 | 26.3] 57.2] 91.8| 357 | 19.7 
“ 22 | 69.8} 92.7| 314 | 17.9] 59.4] 92.1| 355 | 21.9 

July 6 | 68.1| 92.7} 296 | 21.9] 58.2| 91.8] 363 | 19.5 

Aug. 5 56.2} 91.7| 312 | 23.1 
“ 12 65.5 | 92.7 | 342 | 23.1 











June 11 to 16. Clinically in bad condi- {Jyne15. Not eating full ration 
tion; rough coat. “17. Fed 50 mg. of KI. 

June 17. Fed 50 mg. of KI. | “ 25. Hair growing over 
“ 25. Splendid growth of soft fur | shaved area; not as well 
over shaved area; eats better. | covered as Rabbit 591. 

July 8. Found dead. Sept. 15. Died at 3.30 p.m 
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TABLE V—Concluded. 





Na K 


























Date. | Plasma H20 Na K Plasma.| H:0 
Rabbit 598. Rabbit 599. 

1926 per cent | per cent a i —— per cent | per cent —— | —> 
Apr. 29 | 57.0] 91.8 19.6 58 .6 92.3 375 20.2 
May 13 55.8 | 92.1] 362 20.6 57.3 92.2 | 403 19.2 

“ 20 57 .4 91.9 374 20.6 61.3 92.5 | 357 21.1 

Second suprarenal removed on June 3. 
June 8 57.3 91.6 353 20.5 | 59.2 92.3 351 20.7 

” 57.9 | 91.9 361 19.5 | 58.8 91.9 350 15.9 

“« 2 58.3 91.6 373 17.8 | 359 20.3 
July 6 56.6 91.9 367 16.1 | 54.8 91.4 328 18.5 
Aug. 5 59.4 91.5 | 312 22.7 57 .5* 339 23.7 

“ 65.3 301 18.1 





June 25 to July 12. In poor condition; 
eating little; diarrhea; coat rough. 
Aug. 5. Condition excellent since July 
12. Sacrificed to terminate experiment 





Rabbit 600. 





Still alive. In excellent condi- 
| tion. 





| 
| Rabbit 601. 























| | | 

Apr.29 | 58.9| 92.1| 368 | 58.5 | 92.0] 371 | 22.2 

May 7 | 57.7 | 377 | 25.4 | | | 
“13 | 59.1| 92.4| 365 | 18.1| 59.9] 92.3] 365 | 19.2 
“ 90 | 58.4/ 92.1) 366 | 21.2| 59.8] 91.8 | | 20.5 

Second suprarenal removed on June 3. 

June 8 | 56.6| 91.8/ 377 | 19.7| 59.8| 91.6| 396 | 15.6 
~ 59.2] 92.1 369 15.9 | 64.4 | 91.7 | 356 | 18.1 
- a 52.8 91.1 354 18.2} 58.0 91.2} 359 18.6 

July6 | 57.1| 91.5] 364 | 17.9| 57.6] 91.8| 300 | 16.9 

Aug. 12 | | 63.2| 92.2 | 18.3 

July 17. Died during night. (June 7to9. Soft stools; eating 
|; well, Still alive. In excel- 
lentcondition. _ 

*A pproximately. 
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Ravenous appetite. June ll. Eats only part of ration. Weight 2010 gm. 


: June 15. Continues to eat only part of ration; fur which had become glossy 
= after operation again rough and dry. June 17. 25 mg. of KI by mouth. 


June 19. 25mg. of KI by mouth. Weight 1820gm.;eating more. June 25. 
Splendid growth of soft fur over shaved area; active and eating full ration. 





mg. per June 29. Eats only greens and hay, but fairly active. July 1. Eats no 
cent > . 

oats. July 8. Found dead in a.m. Had not eaten carrots of yesterday. 

rs 2 Necropsy.—Weight 1784 gm. Lymph glands, not prominent. Thyroid, 

mo very vascular fragments on right and left. Left = 3X 2mm.; right = 2X 1.5 

at mm. Parathyroids, bright. Thymus, present, markedly congested, both 


lobes very distinct, probably regenerating. Lungs, edema and congestion 
of all lobes, little consolidation. Heart, small. Stomach, distended with 
food, considerable autolysis. Many ecchymoses in cardiac portion. Liver, 





20.7 grayish brown, not congested, reduced in size. Spleen, very small, pale. 
15.9 Pancreas, slightly congested. Suprarenal sites, clean sutures present; 
20.3 no accessories seen. Peritoneal cavity, clean. Kidneys, small, no pitting. 
18.5 Testes, appear normal. Fat, scant. Back wounds, clean and healed. 
23.7" Shaved area covered with thick soft fur. Major cause of death, suprarenal 
18.1 insufficiency, uncomplicated. 





é Rabbit 598.—Female; white; born Nov. 12, 1925. Dec. 17,1925. Weight 
rondi- 519 gm. Under ether completely removed left suprarenal. Jan. 1, 1926. 
Wound healed. Used for other experiments until Apr. 27, during which 
time took a few small samples of blood. Apr. 27. Took 12 to 14 cc. of 
blood weekly. June 2. Weight 2325 zm. June 3. 9.00 to 9.25 a.m., under 
ether removed right suprarenal completely, slightly enlarged. June 7. 
Eating well. June 11. Weight 2265 gm. June 18. Weight 2305 gm. 





22.2 Continues toeat full ration. June2l. Very flaccid. June 25. No muscle 

tone. June 26. Has eaten no oats for last 4 days. June 29. Looks 
19.2 better; active; good muscle tone. June 30. Slight snuffles. July 12. 
20.5 Diarrhea and snuffles; coat rough. Aug. 4. Has been in excellent con- 


dition since last note. Aug. 5. Condition excellent. Sacrificed to termi- 
inate experiment. Weight 2408 gm. 

Necropsy.—Lymph glands, not enlarged. Thyroids, normal, grayish, 
soft. Parathyroids, normal. Thymus, active; cellular; about normal size 


oe of full development. Lungs, normal. Heart, small, normal. Stomach, 
18.6 full of food. Liver, normal. Spleen, small, two tiny accessory spleens 
16.9 in pancreas. Pancreas, not congested. Suprarenal sites, clean. Three 
18.3 accessory suprarenals on peritoneum of left side; one 6 X 4 mm. on perito- 
ceil neum, another on anterior surface of inferior vena cava above right renal 
ating vein, 3 X 2 mm.; a possible third accessory near upper pole of right ovary. 
neal Peritoneal cavity, clean. Kidneys, normal. Uterus, hyperemic. Fat, | 


abundant. Back wounds healed. 


The plasma potassium before removal of the second suprarenal 
varied between 18.1 and 25.4; the average of twenty-three observa- 
tions on the eight rabbits is 20.8 mg. per 100 ce. All except three 
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observations lay between 19 and 23. The sodium values varied 
between 350 and 390 mg. per 100 cc., the average being 370. 

After removal of the second suprarenal, the potassium level in 
several rabbits dropped, slightly but definitely, below any of the 
preoperative levels. Later on as suprarenal deficiency becomes 
more severe, the plasma sodium also falls while the potassium 
rises to approximately its preoperative range. The initial fall in 
potassium noted also in unilaterally suprarenalectomized cats may 
be a successful effort to effect some compensation. 

This is brought out better if the ratio of sodium to potassium is 
examined. Before removal of the second suprarenal, this ratio 
varies from 15 to 21. The average of twenty-two observations on 
the eight rabbits is 18. After the second operation this ratio at 
first often rises above the highest preoperative level to 23 or more 
by reason of a fall in the potassium. Later on, as symptoms 
become more severe, the sodium drops (15 to 20 per cent) and the 
ratio of sodium to potassium falls distinctly below its lowest 
preoperative figure. This is similar to the results on the cat. 

As we have pointed out in Part I, the changes occurring in 
animals as a result of suprarenalectomy are not all seen in all 
animals. These changes depend at least in part on the degree of 
suprarenal insufficiency and this is highly variable, especially in 
rabbits, because of the very frequent presence of varying amounts 
of accessory tissue. But despite this variability, there can be no 
doubt that the plasma sodium does decrease in suprarenalecto- 
mized rabbits as it does in cats. 

A very crude index of the severity of this deficiency may be 
had from the duration of life after suprarenal extirpation. The 
duration of life was 12 days for Rabbit 586, 15 days for No. 594, 
36 days for No. 591,46 days for No. 600, and 105 days for No. 
592. Rabbit 598 was sacrificed in excellent condition 63 days 
after suprarenalectomy, while Rabbits 599 and 601 after 150 days 
were still alive. 

In this laboratory, suprarenalectomized animals have usually 
been found to have thyroids that showed evidence of increased 
activity. Marine has found these glands exhausted, often hyper- 
plastic, and low in their iodine content. Because of these obser- 
rations we have often fed suprarenalectomized animals, that were 
declining rapidly, small doses of potassium iodide and have been 
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astonished at the marked improvement that often follows. Scott 
(25) has made the same observation on suprarenalectomized cats. 

The partially thyroidectomized rabbits, Nos. 591 and 592, when 
they were declining clinically, were given 50 mg. of KI by mouth 
and very soon thereafter definite improvement was noted in the 
amount of food eaten, and particularly in the growth of hair. The 
coat which had been rough and dry (cretinoid) became smooth 
and sleek and there was an abundant growth of new soft fur over 
theshaved areas. In Rabbit 591, there was a concomitant change 
in the ratio of sodium to potassium. Before removal of the second 
suprarenal it had been 18.0 and 19.6. After the operation this 
ratio fell to 13.2 and 12.2. After giving KI it rose to 17.5 and 
several weeks later it had again fallen to 13.5. Such changes are 
not seen in Rabbit 592. 

The water determinations show no evidence of a concentration 
of blood solids such as was seen in the cats. This leads us to sus- 
pect that the concentration is one of the many incidental terminal 
changes. Likewise with the rough method we used for determina- 
tion of plasma volume, no increase in the percentage of erythro- 
cytes is seen. It should be noted, however, that compared to 
cats, the rabbits were in a state of good compensation. 


SUMMARY. 


Suprarenalectomy causes a fall in plasma sodium and chlorides. 
In the cat, a rise of plasma potassium, magnesium, and occasion- 
ally of calcium has been found. The diminution of plasma sodium 
is probably the most important of these observations. In a 
few other conditions where suprarenal injury occurs it has been 
found that a decrease in sodium and chloride content of piasma 
also occurs. The relation of the cations to one another is even 
more markedly altered in suprarenalectomized animals than the 
actual amounts of the cations themselves. 

There is no evidence in these experiments that points to an alka- 
losis as one of the consequences of suprarenalectomy. 
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A USEFUL COMPOUND OF HISTIDINE.* 


By HUBERT BRADFORD VICKERY. 


From the Laboratory of the Connecticut Agricultural Experiment Station, 
New Haven.) 


(Received for publication, November 11, 1926.) 


Owing to the lack of compounds of histidine possessing conve- 
nient solubilities the quantitative isolation of this base from such 
mixtures as are present in the histidine fraction obtained from 
plant extracts presents a difficult problem. The dichloride has 
usually been employed but the strongly acid solution necessary 
must be filtered through asbestos or glass wool, the separation is 
incomplete, and recrystallization of small quantities of the, often 
impure, material is not easy. The mono- and di-picrates of 
histidine have been described (1) but do not possess convenient 
properties. Moreover, when prepared from somewhat impure 
material, sirupy mother liquors are encountered from which noth- 
ing can be brought to separate. Similar difficulties are met in 
dealing with picrolonates. 

Efforts have therefore been made to find a compound of 
histidine possessing a convenient solubility and a capacity for 
crystallization sufficient to prevent the formation of sirupy 
mother liquors. In view of Kossel’s remarkable success with 
24-dinitro-1-naphthol-7-sulfonic acid as a reagent for arginine 
(2, 3), it was natural to investigate the compounds which this 
substance forms with histidine. 

Kossel and Gross (2) prepared. the salts of a number of bases 
with dinitronaphtholsulfonic acid and recrystallized them from 
water. The analytical figures they obtained from the histidine 
preparation indicate that it consisted mainly, at least, of the 
mono-salt. Their solubility determinations suggest that this 


*The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton, D. C. 
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may be readily separated in large, if not quantitative, yield, 
and moreover, since it is relatively insoluble in dilute acid, it 
appears likely that the histidine compound might be precipitated 
directly from a solution containing excess of mineral acid. This 
is a great advantage in practical work. 

In order to test these points, 1 gm. of histidine dichloride was 
dissolved in 20 ec. of 5 per cent sulfuric acid and 4 gm. (a large 
excess) of dinitronaphtholsulfonic acid dissolved in about 20 ee. 
of warm water were added. Crystallization began promptly, 
and, after standing 48 hours, the pale yellow substance was filtered 
off. It was recrystallized from water, washed with a little absolute 
alcohol, and air-dried. The recrystallized material on heating 
became orange below 100°C., and decomposed in the vicinity of 
224°, the same temperature as that given by Kossel and Gross. 
It lost approximately 7 per cent of water of crystallization on 
drying at 105°C., and the anhydrous substance contained 13.0 
per cent of nitrogen. The theoretical nitrogen content of the 
anhydrous mono-salt, CsH yN;O2-CioHgN2SOs, is 14.92 per cent and 
of the di-salt, CsH yN;O2-2C;o9HgN2SOs, is 12.51 per cent. It was 
evident therefore that the preparation was a mixture and that 
recrystallization of this compound from water in the absence of 
excess of reagent is inadmissible. The material was recrystallized 
from about 30 cc. of water containing 1 gm. of dinitronaphthol- 
sulfonic acid, washed with a little absolute alcohol, and air-dried. 
It separated in pale yellow nodular aggregates of microscopic 
needles. When heated no color change occurred below 246°, 
when the substance began to darken. It decomposed with black- 
ening and effervescence at 251-252°. The decomposition point 
could be raised to 254° on more rapid heating. The air-dry 
preparation appeared to contain one-half a molecule of water of 
crystallization (theory 1.13 per cent, found 1.07 and 1.14 per cent). 
The nitrogen, determined by the Kjeldahl method as modified to 
deal with nitro groups, amounted to 12.47 per cent (theory 12.51 
per cent). This preparation was therefore the pure di-salt. 

An attempt was made to prepare the mono-salt by treating 1 
gm. of histidine dichloride dissolved in water with the theoretical 
amount (1.38 gm.) of dinitronaphtholsulfonic acid. The product 
was recrystallized from a small amount of hot water, when it 
separated in microscopic pale yellow needles. On heating, the 
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preparation lost water of crystallization below 100°, became orange 
in color, and finally decomposed with blackening and effervescence 
at 218°. It contained 6.4 per cent of water of crystallization 
and the anhydrous salt contained 13.75 per cent ofnitrogen. It 
was therefore a mixture of mono- and di-salts, and it is evident 
that pure mono-salt cannot be obtained under these conditions. 

An attempt to prepare the mono-salt from an aqueous solution 
containing 2 mols of histidine dichloride to 1 of dinitronaphthol- 
sulfonic acid likewise failed. The effect of crystallization from 
alcoholic mother liquors was therefore tried. 2 gm. of histidine 
dichloride and 1.38 gm. (4 mol) of dinitronaphtholsulfonic acid 
were dissolved together in 15 cc. of hot water and 30 ce. of abso- 
lute aleohol added. The crystals, which separated in radiating 
masses of thin chrome yellow plates, were filtered off, after stand- 
ing overnight, and washed with absolute alcohol. On heating, 
water of crystallization was given off below 100° and the salt 
became orange in color; at about 190° the crystals sintered and 
decomposition took place at 212-214°. The preparation con- 
tained 10.6 per cent of water of crystallization (theory for mono- 
salt with 3H2O is 10.32 per cent) and the anhydrous substance 
contained 14.81 per cent of nitrogen (theory 14.92 per cent). 
This was therefore approximately pure mono-salt. On account of 
the difficulty of preparing it this salt has little practical value. 

The di-salt, on the other hand, is an extremely useful compound. 
Provided crystallization is always carried out from a mother 
liquor containing excess of the reagent and adequate time is 
allowed, it separates in crystals of constant composition and 
with a high yield. 1 gm. of histidine dichloride treated with 3.5 
gm. of dinitronaphtholsulfonic acid in a total volume of 40 cc. of 
water gave, on standing overnight at room temperature, material 
equivalent to 3.252 gm. of anhydrous di-salt, a yield of 94.2 per 
cent. After evaporation to small volume, the mother liquor 
slowly deposited 0.12 gm. more, giving a total recovery of 98.2 
per cent. Experiments in which mother liquors containing alco- 
hol were employed indicated that no advantage was thereby 
gained. 

Histidine is readily recovered from the di-salt by solution 
in dilute hydrochloric or sulfuric acid and extraction of the dini- 
tronaphtholsulfonic acid with butyl alcohol, as suggested by 
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Pratt (4) in’ the case of the arginine compound. The greater 
solubility of the histidine compound makes it possible to carry 
out all except the first extraction at ordinary temperatures. If 
hydrochloric acid is employed, histidine dichloride may be obtained 
in a very pure form by concentration. Sulfuric acid, if used, may 
be quantitatively removed by means of barium hydroxide and free 
histidine separated in crystalline form by concentration in vacuo 
toasmall volume. A very pure preparation can then be obtained 
by redissolving the crystals in the least amount of hot water, 
filtering, if necessary, and adding an equal volume of absolute 
alcohol. 

Dinitronaphtholsulfonic acid has already been employed in 
the examination of a histidine fraction obtained from yeast ex- 
tract with considerable success. A solution which yielded u- 
manageable sirups with picric acid gave successive crops of clean 
material when excess of this reagent was used with very little sirup 
formation. ‘This investigation is proceeding and results will be 
published in the near future. 


SUMMARY. 


Histidine may be almost quantitatively isolated in pure form 
as the di-salt of 2,4-dinitro-1-naphthol-7-sulfonic acid by crystal- 
lization from a solution containing excess of the reagent. The 
presence of small amounts of mineral acid has little, if any, effect 
upon the composition or yield of the substance. The di-salt sepa- 
rates in microscopic sulfur-yellow needles which appear to contain 
4 a molecule of water of crystallization and which decompose at 
from 251-254°C. (short stem thermometer) depending on the rate 
of heating. No change in color occurs below 245°. 

This salt presents many advantages over other salts of histidine 
which have been described not only for isolation but for the puri- 
fication of histidine. Free histidine or its dichloride may be 
recovered from the di-salt by decomposition with dilute mineral 
acid and removal of the reagent by extraction with butyl alcohol. 

The mono-salt crystallizes from 66 per cent alcohol containing 
an excess of histidine in chrome yellow plates which contain 3 
molecules of water of crystallization. It becomes orange in 
color on heating at 100°, sinters at 190°, and decomposes at 212- 
214°C. It is difficult to prepare and has little practical value. 
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RELATION BETWEEN THE VITAMIN ‘C CONTENT OF A 
COW’S RATION AND THE VITAMIN C CONTENT 
OF ITS MILK.* 


By J. S. HUGHES, J. B. FITCH, H. W. CAVE, anp W. H. RIDDELL. 


(From the Departments of Chemistry and Dairy Husbandry, Kansas State 
Agricultural College, Manhattan.) 


(Received for publication, September 30, 1926.) 


Up to the present time all the experiments which have been re- 
ported dealing with the subject, except those of the authors, have 
indicated that the vitamin C content of milk varies with the con- 
tent of this vitamin in the feed from which it is produced. Dutcher, 
Eckles, Dahle, Mead, and Schaefer? found that 20 ec. of summer 
milk were superior in nutritive value and antiscorbutic potency 
to 60 ec. of winter milk. Hart, Steenbock, and Ellis* state in the 
summary of their article, “Summer pasture milk is much richer 
in this nutritive factor [antiscorbutie vitamin] than dry feed milk 
or winter-produced milk, involving the use in the ration of corn 
silage or sugar mangels.’’ Barnes and Hume‘ found a seasonal 
variation in the antiscorbutic potency of cow’s milk, while Hess, 
Unger, and Supplee,® by the use of dried milk, found that milk 
from cows receiving a feed low in vitamin C possessed practically 
no antiscorbutic properties, while milk from cows on pasture was 
a fair source of this vitamin. 

The authors of this paper began an experiment in the summer 


* Contribution No. 128, Department of Chemistry, No. 57, Department 
of Dairy Husbandry. 

1 Hughes, J. S., Fitch, J. B., and Cave, H. W., J. Biol. Chem., 1921, 
xlvi, p. 1. 

? Dutcher, R. A., Eckles, C. H., Dahle, C. D., Mead, S. W., and Schaefer, 
0.G., J. Biol. Chem., 1920, xlv, 119. 

3 Hart, E. B., Steenbock, H., and Ellis, N. R., J. Biol. Chem., 1920, xlii, 
383. 

‘Barnes, R. E., and Hume, E. M., Lancet, 1919, ii, 323. 

‘Hess, A. F., Unger, L. J., Supplee, G. C., J. Biol. Chem., 1920, xlv, 229. 
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of 1919 which had for its object the study of the influence of the 
vitamin content of a diet on the vitamin content of the milk pro- 
duced by dairy cows. For this work the cows were given a ration 
consisting of dried beet pulp, pearl hominy (white corn with bran 
and germ removed), tankage, and bone ash, a ration adequate so 
far as energy, protein, and minerals are concerned, but very low 
in the three vitamins, A, B, and C. The experimental cows were 
allowed to run in a dry lot each day for exercise. As we now know, 
the sunshine which they received took care of their vitamin D 
requirement and enabled them to put this vitamin into their milk. 

During the 3 years the cows were kept on this experimental feed, 
the vitamin A, B, and C content of their milk was tested repeatedly 
by the usual feeding trials. In order to compare the vitamin po- 
tency of this experimental milk with that of milk from cows re- 
ceiving a feed containing these vitamins, parallel feeding tests 
were run with milk from cows receiving various vitamin supple- 
ments, such as carrots, pasture, and fresh green alfalfa. These 
tests showed clearly that the vitamin A and B content of the milk 
depended on the vitamin content of the feed, but, in so far as these 
investigations showed, there seems to be no relation between the 
vitamin C content of the milk and the feed from which the milk is 
produced. 

In testing for the vitamin C content of this experimental milk, 
a basal ration consisting of 90 parts of ground oats and 10 parts of 
dried alfalfa was used for the guinea pigs. In all the tests the 
guinea pigs were kept in individual cages and each guinea pig was 
given 30 cc. of milk per day. Records of the weight of the indi- 
viduals at weekly intervals were kept and a description of the 
apparent condition of each guinea pig for each day of the test 
was also recorded, The average number of days before signs of 
scurvy were observed and the average number of days before the 
death of the guinea pigs due to scurvy are given in Table I. 

This year (1926) a test has been made of the relative vitamin C 
and D content of milk from cows on pasture, and thus receiving 
direct sunshine as compared to cows receiving neither direct sun- 
shine nor green feed. Only the results on the vitamin C phase 
of this experiment are included in this paper. 

As the vitamin D content of the two kinds of milk under test 
was expected to vary due to the influence of the amount of sun- 
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—_ Aver- 
No. of | No. of | .28° 
Cow No. Feed of cows. | guinea | days No. of 
pigs. | eye! a. 
a > death. 
Trial 1, began | 50 and Experimental feed low in 9 30 52 
Feb. 18, | 60 vitamin C. 
1920. | Maud. Regular feed + 10 Ibs. 4 | 24 
carrots per day. 
| Tipsy. Regular feed + pasture 4 23 62 
35 days after experi- | 
| ment began. 
Trial 2, began | 52 | Experimental feed low in| 6 39 | 74 
May 10, | vitamin C. 
1920. | 60 " . 5 | 39 | 89 
Maud. | Regularfeed+ pasture+ | 6 23 36 
35 Ibs. fresh alfalfa. 
Trial 3, began | Maud. Regular feed + pasture + 5 20 62 
June 19, 40 lbs. fresh alfalfa. 
1920. 24 ws ” 4 | 26 57 
Tipsy. | Regular feed + pasture. 5 | 33 63 
Trial 4, began 60 Experimental feed low in 3 | 19 38 
Sept. 28, vitamin C. | 
1920. 52 ” ” 3 | 20 | 34 
Tipsy. Regular feed + pasture. | 3 | 20 45 
Trial 5, began 60 Experimental feed low in| 6 | 28 72 
Feb. 3, | vitamin C. 
1920. College | Regular winter feed in- | 4 24 | 118 
herd. | cluding silage. 
Trial 6, began | 55 | Experimental feed for 30 6 | 25 95 
Apr. 16, | days, then pasture + | 
1921. _ 10 Ibs. fresh alfalfa. 
60 Experimental feed low in| 3 23 41 
vitamin C. 
80 | Regular feed + pasture. 3 | 23 7 
| College “ « 4 4 6 | 27 | 4 
| erd. 
Trial 7, began 55 Experimental feed low in 4 20 47 
July 28, vitamin C. 
1921. 





311 








312 Vitamin C 


TABLE I—Concluded. 


Aver- | 








age Aver- 
No. of | No. of Ne. 
Cow No. Feed of cows. guinea | days | * 0. of 
pigs. before i 
| signs of ic m 
scurvy. death 
Trial 8, began | 60 Experimental feed low in 5 | 65 
May 6, | vitamin C, 
| — | | > 
1922. | 55 “ " 6 | 49 96 
Trial 9, began | 55 | Experimental feed low in 6 | 23 37 
| . ° | | 
Oct. 4, vitamin C. | 
1922. | 
} 
55 Experimental feed + 6] 13 21 | % 


gan Feb. 9, 


| 
Trial 10, be- | 
1923. } 


lbs. oats sprouted. 
' 


shine which the cows received, 1 per cent of cod liver oil was in- 
cluded in the basal ration of the guinea pigs so as to eliminate 
any possible influence of this factor in the test. 

Four cows which would freshen about the same time were 
placed on this experiment December 1, 1925. Two of these were 
allowed to run in a dry lot at night but were kept in the barn 
during the day so they would receive no direct sunlight. The 
other two were allowed to run with the herd. Al! four received 
the regular feed which includes a grain mixture, alfalfa hay, and 
silage. On March 4, the two which were to receive green feed 
were placed on pasture. On May 16, the test of the vitamin con- 
tent of the two kinds of milk was begun. The milk from the two 
cows kept inside was combined each day and tested as one sample, 
as was the milk from the two on pasture. 

One lot of ten guinea pigs received 30 cc. and another 50 ce. 
of “inside milk’”’ per day. Two similar groups were used to deter- 
mine the vitamin C content of the “pasture milk.’’ A lot of ten 
guinea pigs which received 30 cc. each of boiled milk was run as a 
check. The effect of the milk on the weight of the guinea pigs and 
time of the development of the scurvy is shown in Figs. 1, 2, and 3. 
It will be seen from these figures that there was no significant 
difference in the antiscorbutic potency of the two kinds of milk. 
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These results are in accord with all previous results which the 
authors have obtained. 

Just why these results should differ from those of other investi- 
gators is difficult to understand. One possible explanation might 
be that in the work of the authors already mentioned, there may 
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have been a variation in the vitamin D content of winter milk 
and the pasture milk, due to the difference in the amount of sun- 
shine received by the cows. This may have had some influence 
on the time the symptoms recognized as scurvy began to appear 
in the guinea pigs. Their results were obtained before the relation 
of direct sunshine to vitamin D was understood. In previous 
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work of the authors, the cows receiving the feed low in vitamin 
C were exposed to as much sunshine as the ones on pasture. 

The antiscorbutic potency of the milk produced by Cow 60 
(see Table I) after it had been on a feed of kiln-dried beet pulp, 
pearl hominy, tankage, and bone ash for a period of 3 years, in- 
dicates that the dairy cow has, to some extent at least, the ability 
to synthesize this vitamin. The synthesis of vitamin C by the 
dairy cow is further indicated by results of experiments which show 
that they will grow® and reproduce’ on a dry feed which is very 
low in this vitamin. That certain animals can synthesize vitamin 
C has been shown by Parsons,* who found that livers of rats kept 
on diets free from this factor contain a large amount of it, as 
shown by the potency of such livers in protecting guinea pigs 
from scurvy. Chickens can also apparently synthesize this vi- 
tamin, since it is unnecessary to include it in their feed. The 
synthesis of vitamin C by the dairy cow seems to be about the 
only explanation of the results reported in this paper. 


SUMMARY. 


The results obtained in a series of experiments indicate that the 
vitamin C content of a cow’s ration has little if any influence on the 
vitamin C content of its milk. 


6 Thurston, L. M., Eckles, C. H., and Palmer, L. S., J. Dairy Sc., 1926, 
ix, 37. 

7 Fitch, J. B., and Cave, H. W., Kansas Agric. Erp. Sta. Bull. 232, 1924. 

8 Parsons, H. T., J. Biol. Chem., 1920, xliv, 587. 
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PHYSIOLOGICAL EFFECTS OF DIETS UNUSUALLY RICH 
IN PROTEIN OR INORGANIC SALTS.* 


By THOMAS B. OSBORNE, LAFAYETTE B. MENDEL, EDWARDS A. 
PARK, anp MILTON C. WINTERNITZ. 

With THE COOPERATION OF HELEN C. CANNON AND DEBORAH JACKSON. 

(From the Laboratory of the Connecticut Agricultural Experiment Station, 


the Laboratory of Physiological Chemistry, Yale University, and the 
Department of Pediatrics, Yale University, New Haven.) 


PLATE 1. 
(Received for publication, October 18, 1926.) 


The experimental investigation of the much discussed problem 
of the effects of foods exceptionally rich in protein upon various 
physiological functions has become profoundly modified in recent 
years by the newly accumulated information with respect to 
dietary essentials. Before the réle of the vitamines in nutrition 
was appreciated the debate regarding the so called high protein 
régime was fostered either by considerations that were primarily 
hypothetical in character or by conclusions derived from feeding 
experiments that would be regarded today as unconvincing, owing 
to the recognized inadequacies of the rations employed. Thus, 
from a prolonged experimental investigation, mainly on rats, 
Watson concluded that a high protein diet is harmful because the 
growth of the young animal is impaired and in the mature animal 
certain organs and tissues develop abnormally or become damaged, 
showing e.g. hypertrophy of the thyroid and degeneration of the 
renal tubules (1). The diets used by Watson were not planned 
with regard to the possibilities of vitamine deficiencies. 

In 1921 we (2) referred to the shortcomings of experiments on 
record and reported the preliminary results of feeding to rats 
food mixtures that included an appropriate supply of inorganic 
salts as well as vitamines A and B, while proteins furnished the 
almost exclusive source of energy. The animals readily tripled 

*The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C, 
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their initial body weight (about 60 gm.) on such diets. Soon 
thereafter we (3) demonstrated that the rats could grow to at 
least above 200 gm. of body weight at a good rate even on these 
extremes of diet that furnished only minimal amounts of the energy 
in the form of preformed fat or carbohydrate. When the ration 
was less ‘‘one-sided” in composition, yet protein still constituted at 
least half of its weight, excellent growth was attained; so that 
we raised the question whether a comparatively high protein con- 
tent in the dietary during growth is not actually advantageous 
rather than detrimental as has been suggested by certain writers. 

In 1922 Drummond, Crowden, and Hill (4) confirmed our obser- 
vations in so far as the early good increments of body weight in 
rats on diets very rich in proteins were concerned. Their young 
rats nearly trebled their weight before any abnormality was 
detected; but after about 30 days a retardation of growth ensued. 
The animals were reported to have maintained excellent health 
throughout the periods of high protein feeding, although reproduc- 
tion was not secured on this special diet. The failure of reproduc- 
tion is, however, easily explained by the absence of fertility-pro- 
moting factors in the lack of which both Mason (5) (who has 
worked with our animals) and Evans (6, 7) and his coworkers 
have discovered degenerative changes in the testes of rats. Drum- 
mond and his coworkers expressed their further conclusions as 
follows: 


‘“*3. The organs and tissues presented a normal appearance at the end 
of the experiment and there is little doubt that the abnormal conditicns 
found in similar experiments by other workers were due to causes other 
than the high protein intake, e.g. vitamin deficiency, etc. 

‘4. The excretion of very large amounts of nitrogenous waste products 
over considerable periods of time does not appear to cause damage to the 
kidney in these species. 

‘5, The failure to grow normally and to reproduce is in our opinion due 
not to the high protein intake itself but to a lack of balance between this 
constituent and some other component or components of a normal diet. 
It is tentatively suggested that the vitamin B, which is believed to be quan- 
titatively concerned in the metabolism of carbohydrates, may likewise 
be concerned in the metabolism of those non-nitrogenous fragments of the 
amino-acids which follow a similar fate.”’ 


Meanwhile, having observed a striking enlargement of the 
kidneys in rats that were kept for some time on diets rich in protein 
(8) we considered some of the histologic aspects presented by the 


oo a © 


—-+ aA eS 





XUM 


Soon 
to at 
these 
lergy 
ation 
ed at 
that 
con- 
eous 
ters, 
ser 
it in 
ung 
was 
ued, 
alth 
lue- 
luc- 
or0- 
has 





Osborne, Mendel, Park, and Winternitz 319 


changes noted. The macroscopic contrasts between the kidneys 
of comparable animals growing on regimens that differed essen- 
tially with respect only to their protein content are illustrated in | 
Fig. 1. - 

Equally striking are the contrasting sizes of longitudinal sec- 
tions of the kidneys of these animals (cf. Fig. 2). 

A review of the data that we have collected on the rate of growth 
of male rats on diets unusually rich in protein shows that with 
the highest extremes, although the initial increments of size were 
as a rule as good as that of our colony on stock rations, there was 
a tendency to less than normal rates after 200 to 250 gm. of body 
weight had been reached. Nevertheless the possibilities of reach- 
ing a considerable size even on such an extremely unusual diet 
has been demonstrated by some of the results reported earlier (9). 
Thus Rat 7735 (Chart 1) attained a maximum of 336 gm. on a 
diet in which at least four-fifths of the energy was supplied in the 
form of protein. Such a mixture is evidently not an ideal ration. 
Better results are secured with somewhat lower concentrations of 
protein, as illustrated by the growth graphs in Chart 5 of the same 
paper. 

With concentrations of protein lower than the above, but still 
“high” from the standpoint of current popular assumption, our 
experience has shown an acceleration of growth in the earlier 
periods that argues for actual advantage over the usual protein 
content of the ration of growing animals which ranges from 10 to 
20 per cent of the calories in the growth food, milk. Of course the 
statement of food composition in terms of weight percentages of 
the various foodstuffs may be highly misleading. For purposes of 
adequate comparison the energy yields, 7.e. the protein concen- 
trations in percentage of total calories used, should be contrasted. 
Obviously a high concentration of protein in a fat-rich mixture 
may be attended with smaller food intake and consequently smaller 
actual protein intake than in the case of mixtures in which carbo- 
hydrates supply more of the non-protein calories. 

In the course of observations extended over many years we have 
repeatedly met with animals that ceased to gain at the usual rate 
when in the case of males they reached 250 to 275 gm. of body 
weight. This has happened most frequently on experimental 
diets representing mixtures of more or less purified food materials 
rather than on our “stock” rations. The diets referred to were 
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not unduly rich in protein—the latter usually approximating 18 
per cent by weight of the food mixture and 15 per cent of the 
calories; hence there is no occasion to charge the results in such 
instances to an undue concentration of protein. We suspect such 
retardations to be attributable as a rule to dietary deficiencies for 
vigorous gain in weight has often been resumed when the animals 
were given a “mixed diet.’ Our experiences with the increasing 
(absolute) need of vitamine B as rats grow large, and the cessa- 
tion of gains when the supply is limited (10, 11), have taught us 
the significance of quantitative adjustment of small items in the 
diet. Similarly, growth may become unduly slow when for any 
reason (such as unexpected deterioration of food) the quantity of 
vitamine A supplied is unintentionally diminished. Antirachitic 
factors must also be supplied in some way. 

It is on the basis of such suggestions rather than of high con- 
centrations of protein in the ration that we are inclined to explain 
the uniform failure of Reader and Drummond (12) to secure 
growth of rats to adult size on “diets containing a high proportion 
of protein (45-90 p.c.).” 45 per cent of protein in the diets 
reported by them represents less than half of the caloric intake. 
Owing to the fact that in our scheme of feeding the vitamine- 
bearing foods have usually been fed apart from the ration it is not 
easy to evaluate precisely the calorie distribution between the 
classes of foodstuffs in the actual intake. For the rations con- 
taining 50 per cent by weight of protein with 40 per cent of fat 
we estimate the protein calories at one-third of the total energy 
intake. For our foods containing 60 per cent-and 70 per cent of 
protein, respectively, along with some fat and carbohydrate it may 
range from nearly one-half to two-thirds of the intake. Even with 
the latter we have secured better growth than Reader and Drum- 
mond reported for their 45 per cent protein calories ration. At 
any rate the successful growths which we obtained have been 
sufficient to suggest that there is nothing inherent primarily in 
an intake of at least 30 to 60 per cent of energy in the form of 
protein that should interfere with the proper increment of weight 
at a fairly normal, or average rate. 

Inasmuch as the difficulties attached to growth on diets un- 
usually rich in protein manifest themselves most outspokenly when 
the rats attain about two-thirds of their usual adult size we have 
also tested the capacity of animals raised on lower protein intakes 
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to adjust to the higher protein levels beginning at stages of growth 
represented by 250 gm. of body weight or thereabout. ’requently 
there has been some incipient delay, during which the rats fail to 
eat satisfactorily and may even lose in weight. Nevertheless 
adjustment by large animals to protein-rich diets under these 
conditions is often very satisfactory from the standpoint of 
subsequent gains of weight and general appearance at least. In 
other words adjustment to such extremes of diet (representing a 
food mixture in which proteins supply two-thirds or more of the 
calorie intake) can still be made at the seemingly“ critical” 
period. 
Composition of Blood on Diets Rich in Protein. 


It might be expected that diets of the type represented by the 
food mixtures unusually rich in protein would have some notice- 
able effect upon the composition of the blood. When, as under 
the circumstances referred to, the circulating catabolites must 
contain a proportion of nitrogenous compounds larger than usual, 
it is conceivable that the latter may exert some physiological or 
even pathological effect. 

The blood of groups of typical rats on diets differing essentially 
with respect to the proportion of protein calories consumed by 
them was pooled for analysis with the following results! 





























per cent per cent per cent 

ee 75 18 Mixed 
Ee 10 24 food. 
Carbohydrate........ 16 10 54 
Inorganic salts....... 4 5 4 
Alfalfa, daily.........| 0.4 gm 0.4 gm. 
Yeast, daily.......... 3 * 2° 0.4 gm. 
Cod liver oil, daily.../140 mg. 140 mg. 140 mg. 
Estimated protein | 

ealories............ | 79 66 15 (2) 
No. of rats...........| 4 5 5 5 4 
Body weights, gm..... 260-350 | 200-240 | 260-335 | 200-219 | 230-270 
Composition of blood 

per 100 ce. | mg. mg. mg. mg. mg. 

Non-protein N.....| 57 44 55 27 31 

|) ae 38 28 34 9.2 11 











a. Be : 
These determinations were made in Dr. 


Haven Hospital. 


Peters’ laboratory at the New 
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Jackson (13, 14) has recently reported that “The non-protein 
nitrogen of the blood of the standard diet rats at the time of 
death varied from 30 to 40 mg. per 100 ec. whole blood. The 
non-protein nitrogen of the rats on high protein and high albumen 
diets varied from 40 to 62 mg. per 100 cc.” In no ease did an 
anemia develop. 


Urine on Diets Rich in Protein. 


In view of the widespread belief that a superabundance of pro- 
tein in the diet is likely to lead to kidney disorders we examined 
the urines of a number of rats that had been kept for some time on 
the following food mixtures consisting of higher or lower concen- 
trations, respectively, of the same protein. 





: ai = , 
TAD, posite | “Standard” diet, 








per cent per cent 

de gies gia in cc en aittod soanibet | 75 18 
Ee etn errs iat on ii ttl lat 10 15 
ei pee a halt Smo ee jell 10 54 
I a Hp ale gl fe | 5 4 
soa tela Nan 3 al | 9 
SIE IR i em eee a) errr een er 0.4 gm. 

Yeast To eeNeGtnn leita cam ees 3 *™ 0.2 gm. 





In each case the wire mesh-bottomed cages of the individual 
animals were placed over large funnels so that the urine could 
be collected under toluene. The 2 day specimens were invariably 
faintly acid in reaction to litmus and revealed no abnormal struc- 
tural sediments. The fluids were filtered and tested for protein 
with both the heat and Heller’s reaction. Faint, though distinct 
traces were detected in every case; but the reactions were no more 
noticeable in the case of the animals on the high protein mixtures 
than those on the “standard” diets. This, too, is in harmony 
with Jackson and Riggs’ (14) experience. Autopsy records showed 
that on the high protein diets the characteristic renal hypertro- 
phies already described were present; in other words, the diets 
had actually produced physiological responses in relation to kidney 
structure as the following typical records indicate: 
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_—— l 
“Standard” 


High-protein diet. diet. 





Rat Rat Rat | Rat Rat 
9831. | 9950. | 9953. | 9833. | 9926. 











—_——_ 


gm | gm. | gm. | gm. gm. 

Observed kidney weight................ | 2.49 1.89 | 2.13 | 1.22 | 1.27 
Anticipated kidney weight (according | | 

to Donaldson’s tables (15))........... 1.5 |1.3 | 1.12]1.5 | 1.7 





The occurrence of slight albuminuria as a characteristic of the 
laboratory rat has been reported by others (13, 16). There is no 
indication from our data of any special nephrotoxic action giving 
evidence of itself as albuminuria through the high protein diets, 
even after long periods on such a regimen. The output of urea is 
greatly increased, as might be expected, so that in carrying out 
Heller’s test on the undiluted urine, crystals of urea nitrate fre- 
quently separate in large amounts. 


Changes in the Kidneys on Diets Rich in Protein. 


We have already called attention to our observation that in rats 
on diets rich in protein the kidneys usually become strikingly 
enlarged, the increments in size often exceeding 50 per cent of the 
normal weight of these organs (8,9,17). Marked diuresis occurs + 
on such diets, and the rats drink large amounts of water. 

As a standard of comparison for the changes in kidney size we 
have used the data published in Donaldson’s “The Rat,” referring 
them to the total body weight. The autopsies have been per- 
formed in almost every case by one of us (P.) Both kidneys are 
included in the item “kidney weight.”’ 

In order to ascertain whether the method of dissection and other 
procedures employed by us would yield comparable results we 
have examined a considerable number of animals of different ages 
and body weights so that our own comparative statistics are avail- 
able and have convinced us of the propriety of evaluating our 
findings by reference to the Donaldson data. Table I gives a 
tabular summary of the kidney weights and other information 
regarding a group of rats of widely varying size. These animals 
were maintained on our stock diet, which consists of a specially 
prepared “dog biscuit’’ together with an allowance of green vege- 
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tables, carrots, etc., from time to time. This may be regarded as 
representative of a so called mixed diet, neither unduly poor 
nor rich in protein. 


TABLE L 
Kidney weight, 
Rat No. Age Body weight. : . ~ 
Mandard, | Stock food 
days gm, | gm. gm. iad 
B6887" 40 56 0.6 0.68 
B5680" 34 75 0.75 0.86 
B1232¢7 49 96 0.92 0.93 
8450077 59 113 1.05 0.95 
845107 59 | 115 1.06 1.03 
B1190¢ 66 119 1.1 0.96 
B1189¢7 66 121 Ln 1.06 
B52 9 64 124 1.14 1.29 
B76¢ 75 127 1.16 1.17 
B65 9 82 140 1.25 1.1 
B647 9 60 157 1.39 1.22 
B7920 67 158 1.39 1.22 
9845 9 162 160 1.41 1.33 
B8007 70 160 1.41 1.37 
9809 2 155 160 1.41 1.21 
B7987 70 164 1.43 1.28 
B1238"_— | 102 166 1.46 1.12 
82997" 91 173 1.5 0.98 
B7460" 87 194 1.66 1.37 
82380" 105 196 1.67 1.11 
B5707 91 205 1.74 1.47 
852407" 128 218 1.84 2.51 
B5540" 112 220 1.85 1.42 
B14902 | 273 233 1.95 1.38 
Bi4419— | 277 247 2.05 1.75 
B1421 9 279 250 2.08 1.85 
B1448 9 274 250 2.08 1.53 
82397" 245 290 2.38 1.95 
83300" 225 305 2.5 23 
B104¢" 369 460 3.54 4.46 


The data in Tables II and III are derived from animals that 
have grown for a specified time on so called standard diets con- 
sisting of: 
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| For animals in: 
Table II. Table III, 
_ | per cent per ont 
as paras ee i el a oe 18 
ee Pee ea. eae Cae ea od | 16 
EEE EP POE OT aE 4 4 
SSE aac Saye acre eee | 54 53 
EE Serine nce een eee ae 9 | 9 
CE ka ook hbud raids saaeiaeuekel | 15 | 15 
eke ed aa kegel 3 
os unc aseuaietinnabewaeens 0.2 gm. | 
os once ssaexnesanee 40 mg. 





Comparison of our measurements with the Donaldson data 
indicates that in the latter the kidney weights referred to body 
weight tend to be somewhat greater than our own, both in the 


TABLE II. 

















| ‘ , | Final Kidney weight. 
Rat No. COE EEE — 
} Smmrment: | age. | Body weiemt.| Domndvon | Corsi, 
days days gm. gm. gm 
B12870"_ | gs | 41 5 | 058 | 0.56 
BI316a | 8 39 55 0.58 0.56 
B12940"_ | 8 41 58 0.62 0.56 
Ble 39 64 115 1.06 1.05 
83439 | 56 86 125 1.14 1.34 
85167 64 86 148 1.33 1.83 
8515 | 64 85 149 1.33 1.46 
98059 | 50. | 158 149 1.33 1.24 
B29 9 60 | 87 162 1.43 1.13 
83500" | 59 | 92 175 1.52 1.37 
98339 | mC 225 183 1.57 1.22 
85170 | 100 | 122 193 1.66 1.93 
99089 | 115 | 228 | 198 1.69 1.14 
98109 | 15 =| 228 200 1.7 1.22 
97832 | 115 235 202 1.72 1.23 
1.8 1.27 


9926 9 


106 217 212 


case of our stock food and the standard foods. Consequently 
we believe that reference to the Donaldson data will, if anything, 
put our own measurements to a disadvantage and that the incre- 
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TABLE III. 



























































Final Kidney weight. 
r Duration of — = 
Rat No. _ — 
ex ant. | , ; . 
— Age. | Body weight.| Pomdand” | satin, 
a days P days -— -, gm 
87129 53 73 286] «6s |_~—si..09 1.82 
8716 53 7 ~36©| «12% = =6©| «(114 1.2 
8713 9 53 73 =| «(126 1.14 1.55 
TABLE IV. 
Final Kidney weight. 
: | Duration of 
Rat No. ee - 
spon’ | Age. | Body weight. Beanacea” | gsr ai 
days days gm. gm. gm 
82667 | 2 9 | 12 | 1.15 1.71 
82790" 25 | 100 «=| (147 |} 1.31 1.81 
82347" 19 | 106 =| ~ = 154 1.37 1.23 
84397 155 185 186 1.61 2.9 
TABLE V. 
Final Kidney weight. 
Rat No | Duration of _ a 
rats | experiment. | so Yasein 
| — Age. Body weight. a | - om. 
days days gm, | gm. gm. 
| - 
84429 | 72 102 6 | (0.64 1.45 
B1380¢0 | 44 203 168 1.48 1.92 
8490 9 | 160 191 | 172 1.5 2.75 
8438" 99 139 200 1.7 2.67 
B1500¢7 69 192 210 | 1.79 2.46 
B1536¢0 44 177 212 1.79 2.2 
B1326¢ 62 244 242 2.02 2.2 
80460 178 329 255 2.11 2.68 
8065" 178 322 257 2.13 3.17 
B1455c 131 268 260 2.15 2.67 
B1523¢7 146 267 268 | 2.21 3.76 
B16007 131 253 276 2.28 3.47 
B16307 131 | 246 286 | 2.35 3.02 
8069 7" 178 307 287 2.35 3.55 
B1501¢ 142 272 288 2.35 3. 03 
80520 178 | 329 303 2.46 2.99 
B14672 146 | 268 | 307 2.5 3.61 
B1491¢7 157 269 322 2.61 3 8 
B1610¢ 146 254 323 2.61 3.95 
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ments observed by us are represented in minimal terms by such a 
comparison. Furthermore our own normal statistics, though far 
less abundant than those rendered available by Donaldson, are 
recorded in Tables I, II, and III for added comparison. Tables 
IV to XVII present the statistics for rats that have been fed for 
varying periods, as indicated, upon diets essentially of the compo- 
sition given in Table XVIII. 









































TABLE VI. 
Final Kidney weight. 
; Duration of 
Me, | Soeckmeen. | : 
jo | Age. | Body weight. | Domades? | so Gereent. 
| days days gm, gm, | gm. 
B1ll65¢" | 51 80 147 1.31 2.04 
Bisie | 217 | 248 185 1.59 | 2.53 
BISA | 59 84 188 1.62 | 2.24 
BLI777 55 74 188 1.62 | 2.19 
B11608 129 158 257 2.18 | 2.89 
B1l41¢7 338s 367 283 2.35 | 3.55 
B1164 9 336 365 284 2.35 3.36 
BLLS72 342 367 325 2.65 3.47 
TABLE VII. 
| | Final Kidney weight. 
Rat No. Duration of | 
experiment. son Yasein 
‘es | Age. | Body weight. | Donaidern | are 
days | days | gm. gm. gm. 
85660" | 48 73 134 121 | 1.81 
on  (:) > 1.64 | 2.14 
aise | = 162 | S189 || S198 |S 1.69 2.4 





It will be noted that in all of the series in which the protein v 
content exceeds 50 per cent of the food by weight there is an al- 
most invariable increment in the size of the kidneys—a gain fre- 
quently amounting to 50 per cent, or more, above the “expected 
normal” kidney weight for animals of that size. In rats fed 50 
per cent of casein the increments, if any, appear less striking, 
while with the smaller quantity (Tables XIII to XV) hypertrophy is . 
not always so noticeable. In the food mixture containing 35 per 
cent of casein the protein content of the ration represents approxi- 
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Rat No 


B159407 
B12830 
B12907 
B1282" 
B1586%" 
B15800 
B1668<c" 
B15960% 
B773c 
B673c 
B1624¢ 
B16250% 
B40¢ 
B336c% 
B641c 
B347 a 
B57 
B328" 
B662 7 
B320¢ 
9953 9 
B599" 
B322¢" 
B6300% 
9816 2 
9832 2 
9804 9 
B628" 
B1262¢ 
9950 2 
B2197¢" 
98310" 
B2131¢ 
B7250" 
9952 9 
B1442 9 
B14449 
B1427¢ 
B1489 9 
B715¢ 
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Duration of 
experiment 


days 


— 
wWworPrRrWwWoWwWwwWmm® Cc 


Neh ed > 
DPOHAMDMDD OS 


60 
111 
35 
60 
42 
49 
74 
44 
42 
42 
111 
60 
123 
61 


111 
246 
246 
253 
| 246 
| 56 


TABLE VIII. 


Age. 


days 
42 
40 
41 
40 
40 
40 
42 
40 
35 
43 
44 
42 
65 
77 
56 
77 
70 
80 
56 
87 
200 
56 
87 
65 
162 
186 
158 
65 
84 
200 
84 
228 
130 
80 
200 
272 
270 
277 
269 
80 


Final 


Body weight. 


gm, 


38 


148 
148 
151 
153 
155 
159 
163 
173 
177 
182 
195 
199 
199 
209 


tN tb 
—_ 
bo bo 


Kidney weight. 


Donaldson 


Casein, 
standard 


75 per cent, 
gm. gm » 
0.46 0.62 
0.49 0.86 
0.51 0.84 
0.51 0.87 
0.57 0.66 
0.60 0.73 
0.61 0.71 
0.61 0.85 
0.65 1.1 
0.66 1.02 
0.69 0.83 
0.72 0.69 
0.9 1.58 
0.9 1.37 
0.92 1.42 
0.95 1.62 
0.98 2.24 
1.04 1.63 
1.05 1.54 
1.18 1.77 
1.2 2.13 
1.22 2.58 
1.27 1.78 
1.3 1.68 
1.33 1.76 
1.33 1.61 
1.37 2.25 
1.37 1.65 
1.41 1.65 
1.4 1.89 
1.41 2.16 
1.5 2.49 
1.54 2.00 
1.57 2.07 
1.67 2.04 
1.7 2.95 
Be; 2.92 
1.78 2.43 
1.78 2.35 
1.8 2.85 
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_ TABLE VilI—Concluded. 
PF : Final | Kidney weight. 

a Rat No. Duration of = sataanibinian - - aae¥ 
ent. —— Age. _| Body weight.| Donaldson | _ Casein, — 
. - days days gm gm, gm. 
. B1420 9 246 274 220 1.86 2.66 
6 B14939 | 245 268 222 1.86 2.27 
‘ B13630"_ | 21. | 163 | 228 1.93 2.27 
a B831 70 99 230 1.93 2.42 
6 B12490 196 238 230 1.93 2.39 
be BI2617 | 205 247 | 230 1.93 2.22 
£ B12500" 205 248 239 1.99 2.12 
“4 B1251¢7 196 239 241 2.02 2.44 
: 9854.07 115 220 249 2.08 3.18 
Me B1180¢7 49 197 252 2.12 2.43 
~ B29" 70 99 260 2.15 2.47 
od B84 37 272 260 2.15 1.87 
~ B12530" 271 315 263 2.15 2.85 
7 BI4197 253 277 262 2.15 2.76 
2 B14250° 256 280 265 2.21 2.47 
i2 B1426¢7 256 280 271 2.25 2.8 
‘ B14367" 249 276 310 2.54 2.81 
8 B1231¢7 293 342 315 2.57 2.88 
4 ; 
7 
3 TABLE IX. 
8 Final Kidney weight. 
8 Rat No. Duration of : 
8 aoa Age. Body weight. —- soonle 
6 1 = = ; i 
1 days days gm, ym jm 
25 B10550" 71 99 145 1.3 1.97 
35 B10560 71 99 148 1.33 1.85 
35 B803.0" 37 69 149 1.33 2.58 
39 B8320" 37 66 166 1.46 2.42 
16 B818¢ 37 66 170 1.48 1.95 
9 B833.7 37 66 200 Fy 2.44 
”) - a —-— 
7 / 
4 mately one-quarter of the total calories. The hypertrophic + 
I5 conditions of the kidney began to be apparent when the protein 
2 intake approximated 40 per cent, or more, of the calorific intake. 
: These striking manifestations were not due to any specific effect 
5 of casein, which happens to have been the protein used in most of 
— our trials. The kidney changes have been equally striking in 











330 


Rat No. 


B1615¢ 
B1562¢ 
B1563c" 
B1360c" 
B1367¢% 
B13350 
B1340¢7 
B1383c" 
B1342¢ 
B1418¢ 
B1324¢ 


Diets Rich in Protein 


TABLE X. 





Final Kidney weight 

ates j— rE ee 

Age. | Body weight. | Donaldson | ,, Cassin, 

days days gm. gm. g ._ 
10 { 39 33 0.40 0.70 
10 38 33 0.40 0.72 
10 38 42 0.49 0.84 
18 44 84 0.82 1.07 
18 44 86 0.84 1.21 
45 75 123 1.13 1.32 
45 75 129 1.18 1.6 
199 233 240 2.02 1.92 
199 229 | 254 2.12 2.23 
253 277 «| ~—312 2.54 2.87 
283 313 327 2.65 2.9 








Rat No. 


82497 
82647 
82507 


Final | Kidney weight. 

















Duration of a nisaiiaaieiaa : : 
experiment. | Donaldson Casein 
| Age. Body weight. | ‘standard. 55 per cent. 
| 
days days gm. gm. gm. 
186 260 290 2.38 2.81 
160 217 365 2.94 3.47 


160 241 420 3.33 3.5 





B1124¢ 
B1091¢ 
B1086% 
B1087¢% 
B1096¢ 
B1120¢ 
B1101¢ 
B112307'_ | 


TABLE XII. 











Final Kidney weight. 
Duration of _ 
j “penne | Age. | Body weight. [{ndlard” | so pur eat 
days days gm. gm. gm 
62 | 86 213 «| «1.8 1.77 
63 97 222 1.87 1.93 
63 | 91 235 1.96 2.16 
64 94 250 2.08 2.12 
66 CO 95 300 2.46 3.23 
66 90 311 2.53 2.69 
337 365 377 3.04 | 3.62 
3.33 | 3.42 
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TABLE XIII. 
























































Final | Kidney weight. 
Rat No. Duration “4 | . 
| experiment. | age. [Body weieht.| Donaenn | as pr oat 
| days days gm. | o- gm. 
B11350" 66 90 240. | 2.0 2.03 
B1132¢ 63 87 271 | 2.24 | 2.32 
B1043¢0" | 70 96 277 2.28 2.17 
B2231¢ | 109 136 285 2.35 2.46 
B10460 | 70 96 298 2.44 | 2 45 
B1047¢ | 119 145 330 2.69 2.67 
Bi0ae | 240 266 337 2.73 | 2.70 
B1133¢" 66 90 340 2.75 2.03 
TABLE XIV. 
| Final Kidney weight. 
Rat No Duration . | 
= | experimen 0 | —_ 
| | Aes. | Body woight.| Donsidson | Casein 
| days } days gm, gm. gm. 
pes | 168 | 191 287 2.3 3.23 
B21077 | —:192 | 23 290 2.3 s | 2.83 
B2136¢ 162 188 294 2.3 3.16 
B2106¢ 185 216 297 2.42 2.81 
B2137¢ 162 188 324 2.65 | 3.4 
B2164¢" 168 191 373 2.99 | 3.78 
B2161¢7 168 191 383 3.04 3.62 
TABLE XV. 
Final Kidney weight. 
Rat No. | Duration -” 
| experiment. . —_ 
| Age. Body weight.| ontiura | 35 per cont, 
| days days gm. gm. - gm. 
B21530"_—_ | 162 190 354 2.86 3.41 
B2157¢ 168 196 375 2.99 3.46 
B21540 | 168 196 383 3.04 3.1 
B2132¢"_ | 162 188 413 3.28 3.31 














experiments with “meat residue” fed to the extent of 80 per cent 
Particularly interesting are the hyper- 
trophies observed after feeding large quantities of gliadin amount- 


of the diet (Table XVI). 
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ing to 80 per cent of the food mixture (Table XVII) where the kid- 
ney hypertrophy occurred despite the poor gains in body weight 
owing to the comparative deficiency of the protein in the essential 
amino acid, lysine. 

The period required, on the high protein diets, to bring about 
the characteristic increments in kidney size is surprisingly brief. 
Thus in Table VIII there are data giving unmistakable evidence 
of such hypertrophies within 8 days. After a certain gain in size 


TABLE XVI. 
| Final Kidney weight. 
r Duration of 
Rat No. | poses 2 - —— ——— 
| eee. —_ oe Donaldson | Meat residue, 
~—e — standard. 89 per cent. 
days days gm. gm, gm. 
8430 9 68 107 147 1.31 1.92 
8513 2 196 228 213 1.8 3.5 
844007 104 136 231 1.93 2.75 
84417 210 244 297 2.42 3.67 
TABLE XVII. 
Final Kidney weight. 
: Duration of ‘a 
Rat No. ; r . ; 
wee experimen biceaiid Donaldson Gliadin, 
Age. Body weight. standard. SU per cent 
days days | gm, gm. gm. 
B530 ¢ 26 51 42 0.48 0.95 
B422¢ 54 88 60 0.64 0.96 
B41 42 73 60 0.64 ‘5 
3463" 42 69 67 0.69 1.02 
B402 7 54 87 71 0.72 1.07 
B4050 42 75 89 0.86 1.28 


has been attained the increment does not augment with continu- 
ance of the protein feeding; so that as in the case of the body as a 
whole there are perhaps inherent morphologic factors that limit 
. the possibilities of maximum size. 

The compensatory hypertrophy of the remaining kidney after 
unilateral nephrectomy or unilateral ureteral ligation has been 
well established (18, 19). In recent experiments by Smith and 
Moise (20) on rats maintained on our standard diets (containing 
18 per cent of protein) the hypertrophy of the remaining kidney 
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after a unilateral nephrectomy was never observed to exceed about 
80 per cent of the estimated original weight of a single kidney. 
Studies of the effect of high protein feeding upon rats with a single 
remaining kidney are in progress. 

Referring to hypertrophic rat kidneys after complete ligature 
of the opposite ureter for periods of 1 to 600 days duration Hin- 
man (18) states: 


‘“‘The hypertrophic changes as measured by an increase in the size of 
the kidney were complete on an average of twenty to thirty days. There 
was no demonstrable increase in size beyond this period, even of those kid- 
neys doing double duty for almost two years. In no case was the size of 
the kidney doubled nor did the increase ever even approach to this degree.” 


This investigator states that doubling the demand upon the kidney 
never doubles its size, and he intimates that an overwhelming 
demand may actually lead to atrophy of the kidney. We have 
never found this to occur under the conditions of our experiments. 
Hinman’s figures show that the increase in the size of the rat 
kidney is not completed until between the 28th and 42nd days 
(21). In the rabbit after nephrectomy Addis, Myers, and Oliver 
(19) observed a compensatory hypertrophy not exceeding 32 per 
cent in the weight of the remaining kidney. 

In view of the reports that have been current regarding 
the genesis of nephritis and sclerotic changes (22-25) as a result of 
diets relatively rich in protein, special attention was devoted to 
possible evidences of kidney damage in the many rats examined 
post mortem, after various periods of high protein feeding. 

In comparison with our experience the degenerative changes 
reported by Polvogt, McCollum, and Simmonds (22) in the kid- 
neys of rats maintained on diets considerably lower in protein 
concentration than many of those in our own series, were surpris- 
ing. Their experiments differed in two respects; namely, the 
make-up of the ration, which consisted almost entirely of natural 
foods, and the prolonged duration of the feeding trials whereby 
the animals were kept well into their 2nd year. Accordingly we 
have repeated the experiments, duplicating the diets as nearly as 
possible, the food mixture consisting of : 
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per cent 
Po os oe ee Gleie neduW anni eke dain been wee a awed 30 
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dike ks6s hhnee deed ees Oe Settee Rete naeeEeas 1.5 
eae eae eed oi aw kkk Ree A ad a ee Aen Eee te 1 


Male rats were kept on these diets, estimated to contain about 
40 per cent of protein, for 400 days or longer. The rate of growth 
of these animals was excellent. Of six fed as described, three 
showed some hypertrophy of the kidneys, while the rest gave no 
indication of unusual kidney size. Furthermore, in order to con- 
trol the old age factor we secured, through the kindness of Pro- 
fessor H. C. Sherman of Columbia University, a group of old 
animals 500 days or more of age which had been fed on his routine 
stock diet that may be regarded to have the usual moderate con- 
centration of protein. These animals were intended to serve as 
“controls” with respect to age. 


The rats on a diet very high in protein showed some roughness and dry- 
ness of the coat and a diminished amount of subcutaneous fat, the lack 
of which caused skinning of the animal to be difficult. There was, however, 
considerable fat in the groins, abdomen, and about the testes. The fat 
was always pale. The thymus gland was atrophied. In many of the rats 
on the mixtures of purified food substances the testes were underdeveloped, 
a fact probably explained by a dietary lack of the vitamine necessary for 
development. The kidneys were invariably found to be hypertrophied. 
The hypertrophy was obvious the moment that the kidneys were exposed 
to view, for they appeared not only abnormally long and wide, but ab- 
normally plump in comparison with the kidneys of the control rats. No 
constant variation was noted in the spleen, liver, adrenal glands, or pan- 
creas. The thyroid gland, parathyroids, and hypophysis were not ex- 
amined. No changes were noted in the skeleton. On gross examination, 
therefore, the rats on the diets high in protein showed no differences from 
rats on ordinary diets, with the exception of hypertrophy of the kidney and 
poorer states of nutrition. 

The kidneys from 200 rats were selected for histological study. 92 of the 
animals had been on high protein diets—from 35 to 95 per cent in protein— 
for7 to 400 days. The oldest animals of this high protein group, numbering 
six, had been fed the Polvogt, McCollum, and Simmonds (22) diet from 
Weaning for approximately 400 days; one animal had received the protein 
in the form of meat residue—95 per cent of the diet—and six in the form of 
gliadin—80 per cent of the diet. The protein in the diet of all the others 
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was casein, ranging in quantity from 35 to 95 per cent. The great majority 
of the animals were weaned to the high protein diets, but fifteen were first 
placed upon them when 60 to 180 days old. The control rats, numbering 50, 
were not recruited from the same litters as the rats on the high protein 
diets, but corresponded roughly in age and weight. They were fed in differ- 
ent ways. One group of sixteen rats was maintained on a diet containing 
18 per cent casein for 8 to 262 days; and another group of twenty-six rats 
on the stock diet of dog biscuit and cabbage for 20 to 450 days. Eight 
animals had been kept on the Sherman diet for 490 to 540 days. The ani- 
mals in the group just mentioned were considerably older than the oldest 
rats on the high protein diets. In addition, the kidneys of a miscellaneous 
group of 58 rats were studied; the majority had been on diets of average 
protein concentration but containing large quantities of various test sub- 
stances, e.g. urea, monosodium phosphate, disodium phosphate, sodium 
chloride, the Osborne-Mendel salt mixture. The diets fed to the other rats 
of this miscellaneous group were characterized by a very low protein con- 
tent well under the limits of protein requirement but otherwise well 
constituted. 

The kidneys were fixed in formalin and stained with hematoxylin and 
eosin. 

In general the kidneys of the rats which received diets containing very 
large proportions of protein, 70 per cent or more of the total ration, differed 
in certain histological details from the kidneys of the control rats on the 
lower protein diets; in the former the epithelium of the tubules seemed 
larger and the tubules themselves dilated; also, the inclusions of tubular 
epithelium in the glomerular capsules appeared to be larger and more 
numerous. 

Since accurate m2asurements of the tubular epithelium could not be 
made, it was necessary, in forming the opinion that the epithelium was 
higher in the tubules of the exp2rimental rats, to depend upon impressions 
obtained by comparison of sections under the microscope. This was ex- 
ceedingly difficult. We can say merely that in the case of many of the rats 
kept for 50 days or more on diets extremely rich in protein the cells of the 
convoluted tubules looked unusually large, larger than in the control 
animals; that the apices of the cells extended far out from the basement 
membrane; and that the histological structure of the cortex in general 
seemed the more compact, presumably due to the increased size of the cells 
themselves. Differences in the size of the tubular epithelium, however, 
were not sufficiently striking to enable us to distinguish with accuracy the 
sections of the animals on the high protein diets. 

The lumina of the tubules were considerably dilated in the rats kept on 
the extremely high protein diets for 50 or more days. In general the dila- 
tation was conspicuous in the midzone of the kidneys and was more marked 
in certain parts than in others. Where it existed, however, it was fairly 
uniform, in contrast to the dilatation found in the old control rats which 
seemed to involve tubules here and there. The dilatation was exceedingly 
well marked in two rats aged 66 days which had been on the diet of 75 per 
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cent casein for only 30 days. In the case of these two animals the glomerular 
sacs were also greatly distended and contained much pink-staining cellular 
debris; the tuft occupied only one-half or two-thirds of the capsular space. 
In many rats on the very rich protein diets the dilatation of the tubules 
was marked enough to enable us to guess correctly at a glance the high 
protein nature of the feeding. Dilatation of the tubules was not present 
or at least not clearly recognizable in the sections of the other rats which 
were either on the high protein diets for short periods, or else on diets in 
which the proportion of protein was not particularly large. 

The extension of tubular epithelium into the glomerular capsule must 
be regarded as a normal condition in the rat, because in the majority of 
control animals one glomerulus at least could be found which contained 
traces of it. With very few exceptions in the rats on the high protein diets 
the inclusions were numerous and thick, occupying a fifth to a third of the 
intracapsular space. The thickness of the inclusions was due apparently 
to two factors: the tubular inclusion was an invagination and hence was 
composed of double layers of cells; the invaginated epithelium was thick, 
resembling that of the convoluted tubule. Perhaps one of the best evi- 
dences that the tubular epithelium in the experimental animals was larger 
than in the control animals was afforded by the fact that the glomerular 
inclusions in the former were composed of thicker epithelium. Normal 
epithelium of Bowman’s capsule could be seen underlying the epithelium 
of the inclusion. Proliferation of the capsular epithelium was not found 
in any animal. The presence of numerous large inclusions of tubular epi- 
thelium was so characteristic as to be almost pathognomonic of high pro- 
tein feeding. 

At first we were under the impression that the glomeruli were the larger 
in the rats on the high protein diets. The glomeruli in the very old rats 
on the Sherman diet, however, were among the largest seen. The question 
of the relative size of the glomerulus in rats on high protein diets must be 
left for subsequent investigation. 

In addition to the changes thought to be of a more or less physiological 
nature some rats on the high protein diets showed actual lesions of the 
kidneys. In certain of the control animals, however, lesions of an exactly 
similar nature were found; they were focal and involved the tubules alone, 
or tubules and glomeruli, and in some instances were characterized in ad- 
dition by infiltrations of small round cells. 

The lesions of the glomeruli consisted in thickening of the basement 
membrane which in most instances was accompanied by fusion of the mem- 
brane with the glomerular tuft. There were two kinds of alterations in the 
tubules: some were greatly distended so as to be several times the normal 
size and filled with a cast-like material; the epithelium was in many in- 
stances quite flat. Other tubules, apparently abnormal, contained no casts 
and were easily recognizable in the hematoxylin- and eosin stained sections 
by the intensity of the blue stain. The latter feature was due to the fact 
that the nuclei which were large and stained pale blue were so numerous 
as to meet or even overlap and in large part hid the cytoplasm from view. 
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The latter, however, also had a more definitely blue color than the normal 
epithelium. Some of these tubules had large lumina and thin epithelium 
but others had greatly contracted lumina with or without thickened base- 
ment membrane; or else the lumen had disappeared altogether and the 
nuclei heaped on each other formed a thick border to the pale center of 
cytoplasmic substances. It was common to find the abnormal tubules just 
described and the dilated tubules containing casts in combination, In 
many focal lesions, particularly in those found in the old rats, abnormal 
glomeruli or accumulations of round cells were present. 

The rats on the high protein diets showing these focal lesions are listed 
in Table XIX. 

It will be seen that the youngest animal in the high protein group show- 
ing a focal lesion was 203 days old; the average age was 348 days. In regard 
to the percentage of protein in the diet, eight of the eighteen rats were on 
diets of 50 per cent or less of protein. These eight animals, however, were 
very old. The youngest animals showing focal lesions were on diets con- 
taining 80 per cent protein. Fifteen of the animals showing lesions had been 
on the diet since weaning, three having been put on the diet when over 100 
days old. All the animals on the high casein diets having focal lesions 
showed marked dilatation of tubules, and most of them certainly seemed 
to have unusually large cells in the tubules. There seemed to be no re- 
lationship between the focal lesions and degree of hypertrophy of the 
kidney. 

The remaining eighteen rats on very rich protein diets—(eight on 95 per 
cent, six on 80 per cent, three on 75 per cent, one on 69 per cent casein for 
200 to 360 days)—showed no focal lesions whatsoever in the kidneys. 

As will be seen by examination of Table XIX, the focal lesions themselves 
were exceedingly slight in the entire group, with the exception of five on the 
Polvogt, McCollum, and Simmonds diet in which they were severe, and in 
two on the casein diets in which they were moderate. The renal tissue 
apart from the focal lesions in all these animals seemed to be in a healthy 
condition. 

Turning now to the consideration of the focal lesions in the control rats, 
the kidneys of only five were affected. These five animals were all on the 
Sherman diet and were 515 days old or older. The lesions shown exactly 
corresponded to those already described in the rats on the Polvogt, 
McCollum, and Simmonds diet, which also were very old. Sixteen rats on 
the average protein diets for more than 200 days—217 to 509 days old 
showed no focal lesions. 

Microscopic examination of the kidneys of the rats on otherwise unusual 
diets, e.g. diets to which salts and urea had been added, failed to disclose 
any abnormalities. 

In our study and interpretations of the histological pictures of the kid- 
neys we have been greatly influenced by the unpublished observations of our 
colleagues, Drs. T. S. Moise and A. H. Smith, who are engaged in investi- 
gations of the renal changes after unilateral nephrectomy in rats on high 
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protein diets. The publication of their report should have preceded ours. 
Until we became conversant with their work, we had failed to perceive 
that the dilatation of the tubules in our animals on the extremely rich 
protein diets was an effect of the high protein content and not a chance 
condition, or to observe that the inclusions of tubular epithelium in the 
glomerular capsule were so much more common in the rats on the high 
protein diets than in the control rats on the average diets. Furthermore, 
we had not appreciated that the focal lesions occurred in the rats on the 
high protein diets at an earlier age than in the rats on the control diets. 
Previously we had explained the focal lesions in both control and experi- 
mental animals as the result of the factors included under the term ‘‘age.”’ 
Now we do not know whether the earlier appearance of these focal lesions 
in the rats on the high protein diets is to be explained by the concentration 
of protein in the diet in a specific sense or by the increased load of an un- 


balanced ration. 


Jackson (13, 14) also reports inability to produce nephritis of 
any sort in rats by high protein diets over a long period of time. 

We have attempted, further, to ascertain whether the renal 
hypertrophies induced by feeding protein in large amounts are 
followed by retrogression or “compensatory atrophy” when the 
diet is changed to one of a lower protein concentration. The 
problem has been complicated by the circumstance that some 
growth may have been in progress while the possibilities of reduc- 
tion were presented, so that in some cases the kidneys may have 
“grown up” to their previously hypertrophied size during the inter- 
val of low protein diet; or the impulse of growth may have com- 
pensated the tendency to reduction in size. Some results of 
decreasing the dietary protein after rats had been on a high protein 
régime that might be expected on the basis of our experience to 
bring about renal hypertrophy are shown in Table XX. The 
data under ‘duration of experiment” show the period of high pro- 
tein and lower protein feeding respectively, the kidney weights 
being compared with those “expected”’ for a rat of the same body 
weight. The protein concentrations of the diet for the two peri- 
ods are also indicated. The tendency to retrogression in size, or ! 
at any rate the failure to maintain the undoubted earlier hyper- 
trophic gains, is evident. 

Analysis of the data secured has not yet disclosed any striking 
proportionality between the protein intake and the degree of renal 
hypertrophy in so far as comparisons between “high protein” 
and “very high protein” are concerned. One gains the impression 
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TABLE Xx. 
Final | Kidney weight. 
Rat No Duration “ l 
— experiment. | _ Casein, 
Age. — weight. on . Pere, 
days days gm. gm. aa 
B1472¢ 14 59 112 1.05 1.11 
7 
B14830"_ | 14 64 136 1.23 1.6 
9 
B1525¢ 14 58 146 1.31 1.24 
7 
B1485¢" 14 59 148 1.33 | 1.78 
7 | 
| | 
B1470¢ 14 | 64 160 1.41 | 1.44 
11 | | 
| 
| 
BI4682" 4s 64 170 | 1.48 | 1.36 
11 
9819 2 56 231 201 1.7 | 1.28 
62 | 
9951 9 52 203 205 1.75 | 1.79 
») 
os 
9803 ° 63 233 225 1.89 1.47 
62 
| 
B1054¢" 71 146 240 2.02 | 1.89 
47 
9966 9 52 193 245 2.04 | 1.48 
62 
} 
B1109¢" 71 163 | 241 | 2.02 2.15 
68 | 
that the increments in kidney size are limited to between 50 and 
100 per cent of the “normal” weight of the organs. Perhaps this 
represents a limit placed by the structural or morphologic factors 
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of the kidney; indeed, it is conceivable that food intake and conse- 
quent possible gain in weight on foods very rich in protein are 
limited by the possibilities of physiological renal response. 

The gains in kidney weight are not due merely to retained urine. 
The histological observations speak against such an hypothesis; 
and chemical examinations show that the enlarged kidneys are 
not unduly rich in water. Thus we have found: 





| , | Kidney composition. 
| Protein content | y P 


Rat No. 














| of diet. : - 
Dry solids. Water. 
_— i per cent per cent per ons ; 
crud as heacusiian | 75 24.3 | 75.7 
About 15 25.8 74.2 


EE 








The attempt to secure retrogression in kidney size through 
feeding the lowest concentrations of protein compatible with 
mere maintenance of body weight failed to bring any noteworthy 
reduction in the weight of the organs. Various proteins at differ- 
































TABLE XXI. 
Final Kidney weight. 
. Duration of |- 
Rat No. - | - 
— | Age. Body weight. aw pero ry 
* | 10 per cent. 
| days | days gm. gm. gm. 
B3lla | 1066— 188 170 1.48 | 1.66 
Bi? | 1388 | 218 205 1.74 | 1.96 
' Chate. 
6 per cent. 
B24237 89 198 164 1.43 | 1.14 
B267¢" 89 197 178 1.54 | 1.42 
B282¢7 89 194 188 1.62 | 1.49 
B24" 89 197 190 1.64 | 1.34 
B262¢7 89 191 209 1.77 | 1.38 
Casei n oa 
8 per cent. 
B49297 173 282 183 1.59 | 1.28 
B465¢" 202 318 207 1.76 | 1.45 
B4687" 173 289 =| 247 2.05 | 1.64 
B47 | 202 | 319 | 264 2.18 | 2.29 
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ent levels of intake were tested. Some of the results are detailed 
in Table XXI. The food mixtures included starch 61 to 66, lard 
21, inorganic salts 4, cod liver oil 4 per cent, together with appro- 
priate daily doses of yeast or yeast concentrate. The character 
and content of protein used is indicated in the table. 


TABLE XXII 
Final Kidney weight 
Rat Ne Duration of —? 
experiment Donaldson Salts 
Age Body weight wri i iS er ace 
days days gm qm m 
B35 ¢ 6) 85 132 1.19 1.00 
B37 $ 116 141 73 1.5 1.16 
9703 ¢ 63 192 178 1.54 1.32 
960 ¢ 120 265 189 1.62 1.47 
B33 9 69 87 196 1.67 1.42 
9640 $ 58 196 201 1.72 1.38 
B41 117 137 210 1.79 1.3 
B46 117 141 268 2.21 1.8 
Salts, 
17 per cent 
B717¢7 50 78 107 1.0 0.96 
R6950 50 80 133 1.2 1.56 
P6987 50 80 138 1.24 1.25 
B7267 50 78 141 1.27 1.4 
B722¢ 50 78 158 1.39 1.18 
Salts, 
17 per cent to 
22 per cent 
BS838 7 46* 80 93 0.9 1.09 
B8450" 46* 80 97 0.93 0.99 
BS83407 46" 77 111 1.04 1.07 
BS8S39 7 46* 80 119 1.1 0.99 
BS8267 46* 77 125 1.15 1.24 


* 17 per cent salts first 7 days of experiment. 


If the renal hypertrophy were merely the expression of an adap- 
tation of the kidneys to a larger task of excretion it might be ex- 
pected that an increment in any dietary component that leads to 
-atabolic products eliminated by these organs would bring about 
an enlargement of these structures. The problem is, however, 





XUM 


detailed 
66, lard 
1 appro- 
laracter 


r cent 





eX- 
to 
ut 











Osborne, Mendel, Park, and Winternitz 345 


apparently not quite so simple; for largely increased intake and 
consequent renal elimination of a variety of inorganic salts has 
not in our experience been productive of hypertrophy even where 
the salt content of the diet has been augmented to the highest 
extent compatible with successful continuance of the feeding tests.?_; 
We have already made tests with concentrations of our usual 

complete salt mixture (26) up to 22 per cent of the diet (Table 
XXII); with inclusions of 18 to 25 per cent of sodium chloride in 


TABLE XXIII. 


Final Kidney weight 
. Duration of 
Rat No. —" 
experiment 4 Taf? 
| Age Body weight.| Standard. | 18 percent. 
aays days gm, gm. gm 

B20897 35 66 75 0.75 0.88 
B209027 35 66 80 0.80 0.87 
B2091 7 42 73 85 0.84 1.03 
B25 34 62 86 0.84 0.96 
B2051 2" 35 64 87 0.85 0.85 
NaCl, 

20 per cent 
B1890¢ 42 66 55 0.60 0.88 
B1888 7 42 66 75 0.75 1.15 
B1881¢ 74 100 78 0.75 0.98 
B1882 49 75 83 0.82 1.05 
NaCl, 

25 per cent 

- 

B1812¢ 10 41 37 0.44 0.68 
B18590" 10 37 37 0.44 0.86 


B17907 10 45 38 0.47 0.58 


our standard diet (Table X XIII) ; with additions of sodium acetate, 
ammonium chloride (producing tendency to acidosis), ammonium 
acetate, and acid sodium phosphate (Table XXIV). The com- 


* Needham, J., (Biochem. J., 1924, xviii, 891) working with rats, has fed 
diets in which the salt content of the food was as high as 17 per cent over 
long periods, whereby a vigorous polyuria was produced. He has de- 
scribed degenerative changes in the kidneys; but it is not entirely clear 
that these are attributable solely to the diet 





346 


Diets Rich in Protein 


position of the diets of the animals in these experiments is given in 


Table XXV. 


In view of the outcome of these tests in which the results of 
feeding high concentrations of protein was in marked contrast to 


TABLE XXIV. 






































; , Final Kidney weight. 
Rat No. Duration o en ae 
experiment. pom | Body weight. pre oe NaCiHt, 
days days gm. gm. a, 
B7722 46 71 | 128 | ~= 1.16 1.17 
B7130 57 81 148 1.31 1.3 
B763c" 47 72 154 1.37 1.3 
NH,Cl,_ 
| 3 per cent. 
ia ae 
B967 7 83 143 196 1.67 1.19 
B902¢" 76 140 215 1.& 1.76 
B957 #7" 76 136 223 1.87 1.5 
NH,C2Hi0», 
3 per cent 
B10107 76 1221 | 28 | 41.77 1.65 
B10030" 76 128 | 214 | ~~ 1.82 1.75 
B1012¢ 84 128 338 2.73 2.46 
H:NaPO,, 
3.2 per cent. 
84667" 38 64 97 | 0.93 | 0.75 
84680" 38 64 102 0.97 0.86 
8467 7 38 64 113 1.05 0.98 
84700" 38 64 19 | Li | 1.06 
| | —— 
| H:NaPOs, 
| 7 percent. 
B1945¢" 62 89 103 0.97 0.91 
B1913¢7 63 91 124 1.13 1.37 
B1949¢ 63 90 126 1.15 1.9 
B19l1l# 63 91 127 1.16 1.48 











'the failure to produce similar hypertrophy through the feeding of 
liberal amounts of various salts, it seemed highly probable that 
urea, derived from the protein, might be the specific agent re- 
sponsible for the kidney enlargements. 


Early tests with inclu- 
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| Table XXII. | Table XXIII. | Table XXIV. 
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Ee 18 |i8 18 [18 18 [18 jis js jis [18 |18 
galt mixture...........,12 2 2 |4}4]4f4l4/4 )4 |4 
cei nase vein |5 10 lis j20 las | | | | 
MMEM .........<-s | | | / | jas | 
ees | | 13 | 
MEOTMMs........... | | ) Js} | 
RA 1 | | | | | 3.2) 7 
SIR 50 |45 |40 |40 /38 |33 /48.548 |48 [50.847 
caked a1 [11 [a2 [ti [11 [a2 24 [24 [24 [15 [15 
Butter fat............. li9 |9 |9 |9 jo |o |] | 9 19 
A teseell.......... ; | | | | {3 |s fa | 
Yeast, daily, gm...... | 0.2} 0.2) 0.2} 0.2) 0.2) 0.2) 0.2) 0.2 0.2) 0.2) 0.2 
TABLE XXVI. 
ee | Final | Kidney weight. 
Rat No. - = | a 
sperma | Awe. | Body weight. | Domag® | 15 25'thnt. 
days days gm. gm. gm. 
B13920" 49 7% | 85 0.84 | 0.88 
B1272¢" 56 95 105 1.03 | 1.13 
B12680" 56 95 107 1.03 | 41.17 
BI351¢7 56 91 118 1.11 1.37 
B1354¢" 56 91 143 1.27 | 1.42 
BI270¢ 84 =| «128 159 1.41 | 1.44 
B12667" rn 160 1.41 | 1.47 
Urea, 
22 per cent. 
BI090 3 | 59 76 0.76 | 1.08 
B689.7" 3 CO 68 93 0.9 | 1.82 
B16 2 | 8 | 95 0.92 | 1.97 
BIG71¢ nn ee, oe 0.93 | 1.15 
B687 7 35 68 97 0.93 1.13 
B16583" 39s 71 «|S 1.06 | 1.18 
B1350¢" 59 94 | 144 1.29 | 1.68 
B1359¢" 71 1066 =| ~~ = (174 152 | 1.6 
B1353¢" 71 | 106 6| ~—(«182 1.59 1.62 
| | Urea, 
| 28 per cent. 
BIT55# | 38 | 7 | 69 0.72 | 1.01 
B75 | 389385 )~—S | S70 78 0.79 | 0.83 
Bi757 | 8950 s| 85] 1.08 1.18 
BIsis# | 50 | 88 | 122 1.13 | 1.14 
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sions of preformed urea in the diet to an extent comparable with 
what might be expected to be formed from the high protein diets 
gave indications of the induction of corresponding renal hyper- 
trophies. For the most part, however, concentrations of urea in 
the diet up to the limit of tolerance of the rats for the foods con- 
taining this nitrogenous catabolite have not produced the expected 
hypertrophies. Some of the data are included in Table X XVI, 
The composition of the food mixtures was essentially as follows: 
casein 18, starch 54, lard 24, inorganic salts 4 per cent, together 
with 280 mg. of cod liver oil and 0.2 gm. of yeast daily. 


SUMMARY, 


A renewed study of the possibilities of growth, in the albino 
rat, on diets exceptionally rich in protein has confirmed our earlier 
observations on large increments of body weight at essentially 
normal rate and to adult size under such dietary conditions. 
The failure of some other investigators to secure equally good 
growth is ascribed, in the absence of more explicit information, to 
possible inadequacies of the rations employed in their feeding trials. 
In some of our successful experiments the protein component of the 
dietary represented two-thirds, or more, of the entire calorie 
intake. Animals raised to large size on diets of a relatively low 
protein concentration can also become adjusted to the protein- 
rich diets. 

The blood of the animals on a protein-rich regimen shows a 
somewhat higher content of non-protein nitrogen than is found in 
the case of rats living on the usual laboratory diets. Compara- 
tive data are also given for the urea nitrogen of the blood. 

The urine of animals on diets extremely rich in protein showed 
no abnormalities indicative of chronic renal disorders attributable 
to the protein. 

Hypertrophy of the kidneys is a characteristic feature of the 
animals on a diet in which the protein intake exceeds about one- 
third of the food fuel of the ration. This renal response is charac- 
teristic for a variety of dietary proteins tested. The histological 
features of the enlarged kidneys are described. The hyper- 
trophy has been produced by ingestion of various proteins. The 
period required to bring it about is surprisingly brief. Retro- 
gression in kidney size by suitable changes in diet after hypertro- 
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phy has been induced by protein feeding has also been investigated. 
The possibility of comparable renal hypertrophy through inges- 
tion of various substances—urea, inorganic salts—normally ex- 
ereted by the kidneys has also been studied in some detail. Urea, 
fed in amounts equivalent to that derived from effective quanti- 
ties of protein, failed to bring about an equally noticeable renal 


enlargement. 
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EXPLANATION OF PLATE 1, 


Fic. 1. Showing effect of high protein diet on size of kidneys. 


Rat B833". Rat B746¢". 
75 per cent protein. Stock diet. 
Body weight 200 gm. Body weight 194 gm. 
Kidneys weigh 2.44 gm. Kidneys weigh 1.37 gm. 


Fig. 2. Showing comparable longitudinal sections of kidneys of ani- 
mals in Fig. 1, 
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(Osborne, Mendel, Park, and Winternitz: Diets rich in protein.) 
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LIPID EXCRETION. 


Iv. A STUDY OF THE RELATIONSHIP OF THE BILE TO THE FECAL 
LIPIDS WITH SPECIAL REFERENCE TO CERTAIN 
PROBLEMS OF STEROL METABOLISM.* 


By WARREN M. SPERRY. 


(From the Department of Bioohemistry, University of Rochester School of 
Medicine and Dentistry, Rochester, New York.) 


(Received for publication, October 25, 1926.) 


Previous investigations (1, 2) have demonstrated that there is 
an excretion of lipids in the feces independent of the diet. It 
appeared desirable to study this excretion further with reference 
to its origin, not only because such a study might add to our rather 
meager knowledge of the functions of the intestine as an organ of 
excretion, but also because of the probable bearing of the results 
on questions of lipid metabolism. In reviewing various possible 
_ sources of the fecal lipids one thinks of the bile immediately 
because of the widely accepted theory that it serves as the path- 
way of cholesterol excretion (see below) and because of its close 
connection with fat absorption. Indirect evidence presented in 
a preceding paper (1) indicated that the bile is not the source of 
the fecal lipids. It was the purpose of the present investigation 
to obtain further data which might determine more conclusively 
what part, if any, the bile plays in lipid excretion. It seemed logi- 
cal that such definite information would be furnished by a com- 
parison of the fecal lipids before and after exclusion of the bile 
from the intestine. Should the excretion be found to be the same 
in amount and composition under the same dietary conditions 
before and after operation, it would seem reasonable to conclude 
that the bile had nothing to do with the fecal lipids. The plan of 
experiment, therefore, was quite simple. Several dogs, which 


*A preliminary report of this investigation was published in the Pro- 
ceedings of the Society for Experimental Biology and Medicine for May, 
1926, 
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had been used in previous work with lipid-free diets, were available. 
Various operations designed to exclude bile from the intestine 
were performed on these animals and their fecal lipids were studied 
under the same experimental conditions employed while they were 
still normal. 

The work has been of particular interest because of its bearing 
on certain problems of sterol metabolism. Of these one of the 
most important has been that of determining the source and 
purpose of the cholesterol of the bile. 


The old view of Naunyn (3) and his school that the cholesterol of the bile 
is elaborated by the mucosa of the biliary passages has been pretty much 
abandoned in more recent years by the majority of authors (Bacmeister 
and Havers (4), Beumer (5), Campbell (6), Cammidge (7), Chauffard, La- 
roche, and Grigaut (8), Dor‘e and Gardner (9), Grunke (10), Kusumoto (11), 
Liang and Wacker (12), Réhmann (13), Stepp (14), Thannhauser (15), 
Rothschild and Rosenthal (16), and Nathan (17)), in favor of the hypothe- 
sis that it is secreted by the liver as a waste product for excretion through 
the feces. There is indeed considerable evidence to indicate that the bile 
represents the principal pathway of cholesterol excretion. Bang (18), 
Beumer and Biirger (19), Schmidt (20), and Fasiani (21) have found choles- 
terolemia in cases of obstructive jaundice while Chauffard, Laroche, and 
Grigaut (22) have found an increase in blood cholesterol after ligature of 
the common duct. McClure and Vance (23) have shown lower cholesterol 
in the duodenal contents of patients with various pathological conditions 
of the liver and bile ducts than in normals. Evidence for a parallelism 
between blood and bile cholesterol has been obtained by Adler (24), Bae- 
meister and Havers (4), and Rothschild and Rosenthal (16). An increase 
in the cholesterol of the bile in the case of a single dog after injection o 
toluenediamine was found by Kusumoto (25), who thought the extra 
cholesterol came from destruction of red blood cells. 

On the other hand it has been shown by Bacmeister and Havers (4) that 
there is not necessarily a linear relationship between blood and bile cho- 
lesterol by the finding that in pregnancy the bile cholesterol decreases as 
that of the blood increases. Moreover Stepp (26) has had five cases with 
complete obstruction of the bile duct, of which only two had high blood 
cholesterol and in one the amount was below normal. Ssokoloff (27) tied 
off the bile ducts in three dogs and concluded that there was a definite rise 
in blood cholesterol; but Hueck (28) points out that the increases obtained 
were within the experimental error of the method. The evidence derived 
from comparison of food and bile cholesterol is still less convincing. Good- 
man (29) and Bacmeister (30) have shown a rather questionable relationship 
between the protein of the diet and the bile cholesterol, while Goodman has 
further shown that there is no more cholesterol in the bile after feeding 
brains, containing over 2 per cent cholesterol, than after feeding egg white 
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containing traces. D’Amato (31) has found a definite increase in bile 
cholesterol after high cholesterol feeding but Whipple (32) points out that 
with an estimated cholesterol intake of 5 to 6 gm. per day the increase in 
bile cholesterol was about 2 mg. D’Amato himself feels that the bile is a 
yery small factor in cholesterol excretion. McMaster (33) has recently 
reported a considerably larger influence of food on bile cholesterol, finding a 
decrease of 35 mg. per day on fasting and an increase of 57 mg. per day on 
feeding 200 gm. of ox brains and three eggs in addition to the regular 
mixed diet. Though the amount in the diet was not determined, it is 
evident that the increased cholesterol of the bile represents but a minute 
fraction of the increase in the food. Fasiani (34) has reported increases in 
bile cholesterol after intravenous injection but Whipple (32) points out 
that the rise is but 8 mg. per day after a dose of 1.7 gm. Thomas, Kausch, 
and Jankau (quoted from Nathan (17)) found independently that cho- 
lesterol introduced into the body either per os or parenterally was absorbed 
without any increase in the cholesterol of the bile. 

The evidence obtained in the present investigation, in agreement with 
that mentioned in the preceding paragraph, tends to minimize the impor- 
tance of the bile as a pathway of cholesterol excretion, and in fact it is rather 
indicated that under some conditions at least, little, if any, is thus removed 
from the organism. 

A second, very closely related question of cholesterol metabolism has 
concerned the possible reabsorption of cholesterol reaching the intestine 
by way of the bile. On the basis of rough calculations Dor’e and Gardner 
(35) reached the conclusion a number of years ago that a considerable por- 
tion of the cholesterol of the bile must be reabsorbed by dogs because only 
about one-fifth of that calculated to reach the intestine by way of the bile 
was found in the feces. Beck and Wacker (36), Beumer (37), and Campbell 
(6) have accepted this view rather grudgingly in recent papers. Beck and 
Wacker and Campbell in particular find it difficult to understand why it 
should be necessary for the cholesterol to be excreted and reabsorbed when 
it might be carried direetly by the blood stream to the tissues for storage. 
They suggest that the cholesterol evele may have something to do with the 
absorption of fat in an analogous manner to that of the bile acids. Hueck 
28) believes that, if the process of reabsorption takes place at all, it is of 
smallimportance. It is indicated by the data obtained in the present work 
that the reabsorption of cholesterol is of considerable importance and that 
under some conditions at least, all of that entering the intestine with the bile 
may be reabsorbed. 

An even more fundamental and general problem is that of determining 
whether cholesterol may be synthesized by the animal organism. The 
problem has been attacked by three types of experiment: autolysis and 
perfusion of organs; complete balance experiments with growing animals, 
involving analysis of intake, output, and body content; and, finally, bal- 
ance experiments involving only intake and output. The first type has 
vielded no information of value and has been severely criticized by various 
writers. Experiments of the second type by Ellis and Gardner (38), Beumer 
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(5), and Thannhauser and Schaber (39) with incubated eggs; by Beumer 
(5) and Beumer and Lehmann (40) with growing pups; by Channon (41), 
Liang and Wacker (12), and Randles and Knudson (42) with growing rats: 
by Dezani (43) with growing mice; and by Fox and Gardner (44) with 
infants (computed in connection with balance experiments) leave little 
doubt that cholesterol certainly is not destroyed and may be synthesized 
if needed by growing animals. In all of the animal experiments except the 
old ones of Gardner and Lander (45) the increase in cholesterol of the body 
over that of the controls plus that excreted in the feces has been found to 
exceed the intake. Because of the possibility, brought out in the present 
paper, that fecal cholesterol may be synthesized by bacteria, the results 
of the foregoing experiments have been examined in order to determine 
what proportion of the ‘‘synthesized” cholesterol was represented by that 
excreted in the feces. If it were found that a large part were excreted in 
the feces, while the increase in body cholesterol was small, the case would 
not be nearly as clear in favor of cholesterol synthesis. It was noted that 
in experiments of Liang and Wacker about one-third, and in those of Chan- 
non over one-half of the ‘‘synthesized”’ cholesterol was represented by 
excretion through the feces (negative balance), but in the work of Beumer 
and Lehmann with pups the fecal cholesterol made up a very small portion 
of the increase over the intake. It seems quite certain that there is a 
synthesis of cholesterol by growing animals independent and in excess of 
any excretion through the feces. 

The last type of experiment is the only one possible with adults and it has 
attracted considerable attention. The early work of Ellis and Gardner 
(46) with various animals, including man, led them to believe that there was 
no synthesis, as all the fecal cholesterol was accounted for by the food, de- 
spite the finding of negative balances with cats. Recently, however, Gard- 
ner and Fox (47), using improved methods with adult humans, found nega- 
tive balances and now believe that some organ has the power to synthesize 
cholesterol. Balance experiments with infants by Gamble and Blackfan 
(48), Beck and Wacker (36), Beumer (37), and Fox and Gardner (44) led 
them to similar conclusions as did the work of Beumer (49) with pathologi- 
cal cases. The last named author finds it difficult to understand, however, 
why all the food cholesterol should be excreted while the body synthesizes 
cholesterol for its needs. Thannhauser (15) carried out cholesterol balance 
experiments over a period of 35 days with two adults and, though he ob- 
tained small negative balances during a 2 week period of low cholesterol 
feeding, he feels that the ability of the adult human to synthesize choles- 
terol, if it exists at all, isnot very marked. The experiments recorded in 
this and the preceding paper show beyond question that the adult dog has 
the power to excrete sterol (of which a part is doubtless cholesterol) in 
fairly large amounts, though there is none in its food, and the view that it 
has the power to synthesize cholesterol would thus seem to be confirmed. 

There is another factor, however, concerned in most of the experiments 
mentioned above, which has received very little notice. That is the pos- 
sibility that fecal cholesterol comes from some other source than the bile 
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orfood. Schmidt and Strasburger (50) mention the possibility that some 
may have its origin in the epithelium of the intestine but consider the 
“cholesterol-rich bile” as the principal source aside from the food. Beumer 
37) also recognizes intestinal epithelium as a possible source of fecal 
cholesterol because of his finding of negative cholesterol balances in a case 
of occlusion of the common duct; but he nevertheless considers the bile as 
the principal source of the fecal cholesterol. Channon (41) apparently 
is the only writer who has recognized, in a criticism of the work of Gardner 
and Fox (47), that “‘bacterial synthesis of sterol in the large intestine may 
be the cause of the large excess of excretion over intake.’’ Otherwise the 
old hypothesis of Bondzyriski and Humnicki (51) that dog feces contain 
the unchanged cholesterol of bile is apparently generally accepted. Thus 
we find Gardner and Fox (47) and Beumer (37), the most active workers in 
the field, saying respectively, ‘“The sterol excreted in the feces is derived 
partly from the food and partly from the bile;” and “The cholesterol of 
the feces is made up of the two components: unabsorbed food and bile 
cholesterol.’’ It is indicated by the results of the present study that under 
some conditions the cholesterol of the feces comes from neither the food 
nor the bile but from some other source which may be secretion through 
the intestinal wall, desquamated epithelium, or bacteria, and some doubt 
is, therefore, thrown on the value of balance experiments designed to test 
the ability of the body to synthesize cholesterol. 


EXPERIMENTAL. 


Plan of Experiment, Etc—The experiments consisted of the 
collection and analysis of the feces excreted by bile fistula’ 
dogs receiving a lipid-free diet. The dogs employed had all been 
used in several experiments of the same nature with essentially 
the same diet while still normal and it was hoped that a compari- 
son of the results obtained before and after operation would throw 
much light on the relationship between the bile and the fecal 
lipids. The experiments were continued over long periods of 
time (up to 5 weeks) and the feces were collected in weekly periods 
as described in previous papers of this series (1, 2). 

There was at intervals some constipation and from time to time 
warm water enemas were given. It was the usual practice to put 
the animal on the experimental diet for 2 or 3 days and then to 
give an enema on the day of charcoal feeding in order to wash out 
all residual fecal matter. Enemas were frequently given on the 
2nd day after feeding the charcoal marker, which marked one 


1 The term ‘“‘bile fistula’’ is used in this paper to signify that the bile is 
completely excluded from the intestine. 
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weekly period from the next, because it was found easy to obtain 
very accurate demarcation by this means. That the enema itself 
had no effect on the results was shown by a number of weekly 
experiments scattered throughout the work (Experiments 10B! 
11A, 11B, 12, 138A, 13B, 13E) where it was not found necessary 
to use an enema as the excretion was regular and the demarcation 
good. The results of these experiments agreed with those where 
the enema was used. 

The stools were at all times hard and well formed and light 
gray in color, indicating the absence of bile from the intestine. 

There was a gradual small loss of weight in most of the series, 
though in Series 9 and Series 13 the weight was kept almost con- 
stant with a slight gain near the middle of the series in each case 
and a drop to the starting value at the end. In the fasting experi- 
ment there was of course a large decrease in weight and in the last 
week of Series 11 (Experiment 11C) Dog 24-10 ate very poorly 
and lost considerable weight. The same is true to a lesser degree 
in the case of Dog 24-9 in Experiment 14D. No effect of these 
weight fluctuations.was observed. 

Two controls were used, the first being the data obtained with 
the same dogs while still normal and the second being a similar 
series (Series 6, Table I) with normal dogs, in which exactly the 
same diet and technique were used and which were carried out 
simultaneously with Series 9 and 10. 

Diet.—It was clearly recognized that the diet must be very care- 
fully controlled with respect to its lipid content because of the well 
known poor absorption of these substances by bile fistula dogs. 
The diet was made up in general according to the recommenda- 
tions of Cowgill (52). The constituents and amounts fed per 
kilo per day were as follows: 6.4 gm. of casein, 13.6 gm. of sugar, 
0.4 gm. of bone ash, 0.28 gm. of salt mixture (Cowgill), and 0.6 
gm. of Vitavose.* These constituents were mixed in large amounts 


* In this paper the analysis of the fecal output of a dog over a period of ! 
week is called an ‘“‘experiment.’’ Such experiments are designated by let- 
ters. A number of consecutive weekly experiments is called a “‘series’’ and 
the series are designated by numbers. Thus Experiment 10B means the 
experiment covering the 2nd week of Series 10. 


3’ The Vitavose was supplied through the courtesy of Dr. Charles Hoffman * 


of the Ward Baking Company. 
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in the proportions indicated and each day the required amount 
for each dog was weighed out and thoroughly mixed with an 
amount of water equal to the body weight in kilos multiplied by 
1.75 ec. During all the experiments except the last half of Ex- 
periments 13B, 13C, 13D, 13E, and all of Series 14 an amount of 
meat extract equal to the body weight in kilos multiplied by 0.5 
gm. was dissolved in the water. Three constituents of the diet, 
the casein, Vitavose, and meat extract, might contain lipids 
and these were treated and examined as follows. 

Casein. —The casein was extracted in a modified Clarke appara- 
tus as described in the preceding paper of the series (1). A dis- 
cussion of the difficulties met with in completely extracting the 
lipids is given there (p. 360). It was finally found possible by 
repeated extractions, between which the casein was finely ground, 
and which usually totalled about 50 hours, to obtain material 
containing 0 to 0.03 per cent total lipids. The method of analysis 
consisted in digesting 10 gm. portions for 24 hours on the steam 
bath with strong alkali, acidifying the sulfuric acid, extracting 
with ether, and finally extracting the ether residue with petroleum 
ether. Material showing a lipid content of 0.02 per cent by this 
method showed none at all on extraction with petroleum ether in a 
Soxhlet apparatus. In most of the work the casein used contained 
0 to 0.01 per cent, though in one instance it was necessary to use 
material containing 0.05 per cent. For some reason the extrac- 
tion procedure was not as efficient as usual in this case and since 
no other was ready casein containing 0.05 per cent total lipids 
had to be used and formed about half of that employed for 4 days 
in Experiment 6B and 2 days in Experiments 9D, 10B, and 10C, 
No difference in the results, which might be ascribed to this 
small amount of lipid, was noted. 

Vitavose-—This substance was used according to the recom- 
mendation of Cowgill as a source of vitamin B in order to stimu- 
late appetite. It was analyzed by the same procedure employed 
with the casein except for the removal of volatile acids by triple 
distillation to small volume after acidification. Six determina- 
tions gave an average value of 0.08 per cent lipid material with 
maximum and minimim values of 0.12 and 0.04 per cent. One 
sample was extracted in a Soxhlet apparatus with petroleum ether 
for 5 days and showed a lipid content of 0.03 per cent. 
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Meat Extract.—The method of analysis of this substance was 
the same as used for the Vitavose. Four determinations gave an 
average value of 0.075 per cent with maximum and minimum 
values of 0.11 and 0.04. The material from all the determinations 
was combined and separated into unsaponifiable and fatty acid 
fractions. The ratio of the former to the latter was found to be 
0.82. By the method of Soxhlet extraction a value of 0.01 per 
cent was obtained. That the meat extract had no effect on the 
results is further shown by the experiments in which it was omitted 
(see above). 

It seems quite definite from the above analyses that the amounts 
of lipids present in the diet were much too small to have had any 
effect on the results. 

Operative Technique, Condition of Animals, Etc.—Five dogs were 
used in all. The first was a bile fistula animal which chanced 
to be available in the laboratory and it was used principally to 
try out the diet and technique. Since no control is available, the 
results from this dog are not included, although in general they 
agreed with the others. 

The operation on the second dog, No. 23-2, consisted in fastening 
a cannula in the gall bladder by means of a purse string suture 
and cutting the common duct between double ligatures. A long 
rubber tube with glass bend was used according to the directions 
of Rous and McMaster (53), but it was attached to a metal can- 
nula fastened in the abdominal wall and no attempt was made to 
exclude bacteria from the open end of the cannula or the surround- 
ing area. Unfortunately, through an unforeseen circumstance, 
it was impossible to use this dog in an experiment for a period of 
over 2 months from the date of the operation. During this time 
it lost considerable weight and the area about the cannula became 
rather extensively infected. It was also necessary from time to 
time to clean out the bile tract by lavage, under alternate small 
increases and decreases of pressure, with dilute sodium bicarbo- 





4 The operation on Dog 23-2 was performed by Dr. G. H. Whipple assisted 
by Dr. H. P. Smith, both of the Department of Pathology; on Dogs 24-21 
and 24-10 by Dr. H. P. Smith assisted by Dr. Robert Angevine of this de- 
partment; and on Dog 24-9 by Dr. J. J. Morton of the Department of 
Surgery assisted by Dr. H. P. Smith. The thanks of the author are due to 
these men for making this investigation possible. 





XUM 


2 was 
ve an 
imum 
itions 
- acid 
to be 
1 per 
n the 
itted 


ounts 
] any 


were 
anced 
ly to 
e, the 

they 


ening 
uture 
long 
tions 
-can- 
de to 
yund- 
ance, 
od of 
time 
“ame 
ne to 
small 
arbo- 


sisted 
24-21 
‘is de- 
nt of 
lue to 





W. M. Sperry 359 


nate solution. During the first experiment (Experiment 8) with 
this dog, however, the bile flowed quite freely and the animal 
appeared active and healthy and ate its food fairly well. During 
this experiment it was prevented from licking the bile by means of a 
muzzle covered with a fine wire cloth. The dog was constantly 
watched while the muzzle was off for purposes of eating and 
drinking. 

Considerable trouble was experienced during the Ist week of 
the second series with this dog (Series 9) due to stoppage of the 
bile tract. By repeated treatment with bicarbonate solution 
the flow was finally started and was free during the remainder of 
the series. The bile was abnormally light in color throughout 
though it became darker toward the end. There was no evidence 
of jaundice after the 1st week and little then. In this series the 
bile was collected in a rubber balloon placed in a metal box, which 
was held in position by a canvas binder. During this series the 
dog was very active, ate its diet completely and greedily every 
day, and appeared perfectly normal. Though there was doubtless 
considerable infection in and about the bile tract, it is not thought 
that it had any appreciable effect on the results obtained, both in 
view of the normal appearance of the dog and the agreement of 
the results with those from other animals with sterile fistulous 
tracts. The dog died about 34 weeks after the conclusion of Ser- 
ies 9 of general peritonitis. It was found at autopsy that there 
were many adhesions and much infection about the tube but the 
cannula was still in place. 

The operation on the third dog, No. 24-21, was essentially that 
described by Rous and McMaster (53), the cannula being inserted 
in the common duct and the gall bladder removed. The bile was 
collected in a sterile balloon and the area about the tube was kept 
sterile. During the first 2 weeks the balloon was disconnected 
and emptied daily with sterile technique, but later a side tube was 
added and the bile emptied as described by Rous and McMaster. 
The bile was frequently cultured’ and was found sterile at all 
times, 

The experiments with this animal (Series 10) were started as 


*The examinations of the bile were carried out by Dr. Stanhope Bayne- 
Jones of the Department of Bacteriology, to whom the thanks of the author 
are due. 
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soon as it had fully recovered from the operation. The dog ate 
well throughout, appeared normal, and the experiments rap 
very smoothly. It died about 2 weeks after the conclusion of the 
experiments of general peritonitis caused by intestinal obstruction, 
The cannula was found in place at autopsy. 

The operation on Dog 24-10 was the same as in the case of Dog 
24-21. Series 11 was started with this dog as soon as it had re. 
covered from the operation and went smoothly except for the 
dog’s refusal to eat during the last week. At the conclusion of 
this series it was placed on the regular laboratory diet, consisting 
principally of bread and liver, for 3 weeks and then, though it had 
gained little weight, was fasted for a week (Experiment 12), re 
ceiving only agar jell containing 2.5 gm. of bone ash per day to 
stimulate intestinal activity. About 2 weeks later Series 13 was 
started with the standard lipid-free diet. This was the longest 
and best series obtained. The dog ate its food completely 
throughout, maintained weight, and was apparently in good health 
at all times. The bile was frequently cultured’ and with one ex- 
ception, when it became infected during removal from the balloon, 
was always sterile. At the conclusion of the series the dog was 
killed and at autopsy was found normal in all respects with no 
signs of infection and with only a few minor adhesions about the 
pancreas. The cannula was in place and the tube was surrounded 
by a sheath as described by Rous and McMaster. 

The operation on the last dog, No. 24-9, consisted of cholecyst- 
nephrostomy, as described by Kapsinow, Engle, and Harvey 
(54), performed in two stages. The recovery was good, bile 
appeared in the urine at once in large amounts, and the feces 
became clay-colored. The dog was kept in a cage with a screen 
bottom so there could be no contamination of the feces by the 
bile-containing urine. 

This dog refused to eat the experimental diet at the start of 
Series 14 and finally feces were collected over a period of approx- 
mately 5 days (Experiment 14A), during which the animal was 
almost completely fasting. ‘There was some evidence of jaundice 
during this period. On the 6th day it commenced to eat and 
continued to for 2 weeks. During the last week (Experiment 14D) 
it again refused to eat well and left over half its food. This dog 
is still alive and is being used for another purpose, so no autopsy i 
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available. The precautions taken at operation together with the 
clay-colored stools and the agreement of the results with those from 
the other dogs make it extremely improbable that any bile was 
reaching the intestine during the experiments. 

Analytical Methods.—The procedure employed was essentially 
the same as described in previous papers (1, 2). It was found 
possible by the use of reduced pressure to distil the entire acidified 
mixture of fecal digest on the steam bath without filtration, and 
this technique was used in Experiment 10D and those following. 
There was little frothing or bumping and it was possible to distil 
to dryness, a procedure which was repeated three times in each 
case in order to remove the volatile acids, which were discarded. 
The entire residue in the flask was then thoroughly mixed with 
ether and filtered, this being repeated a number of times. The 
ether solution was washed with water and the analysis carried 
on as before. The advantages of the change in procedure de- 
scribed above are the entire avoidance of the unpleasant odors 
obtained by the old method and a considerable shortening in the 
work, only one extraction being required. 

As indicated in the introduction it was deemed advisable to 
lay particular emphasis on the application of this work to certain 
problems of cholesterol metabolism. It seemed desirable, there- 
fore, to obtain as much information as possible concerning the 
cholesterol content of the excreted lipids. There are but two 
general methods available for the determination of cholesterol: 
the gravimetric, involving precipitation with digitonin, and the 
colorimetric. The first, considered by many to be the more accu- 


_ Tate, could not be used because no digitonin was available. The 


second, as applied to human fecal sterols, has been very severely 
criticized by Gardner and Williams (55) because of the difficulty 
in matching the colors obtained and because of the occurrence of 
feeble colors with other amorphous sterols. However, since it 
was the only one available, it was determined to use the colori- 
metric method in the hope that some information of a comparative 
nature at least might be obtained, and all the unsaponifiable 
fractions available from the lipid-free experiments with both nor- 
mal and bile fistula dogs were analyzed by the method of Bloor, 
Pelkan, and Allen (56). 

It was found with considerable surprise that in the majority of 
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cases the color from the fecal unsaponifiable material was of ex- 


S388) % 

fet he. actly or very nearly the same hue as from the pure cholesterol 
____ J standard, and that the two could, therefore, be closely matched. 
Edd he In a few cases there was a considerable difference in hue, making 
pial. ‘x the colors difficult to match. In these cases it was found pos- 
rere: toe z . . . . 
tow |. sible to compare the solutions by the aid of a red filter such as is 
ASS = used in this laboratory rather infrequently in analyses of blood 


FSI cholesterol where the colors do not match well. The same filter 











: é 5 y was tried in several of the determinations where good readings had 

‘ been obtained without it and essentially the same values were 
22S |e found. In comparing these findings with those of Gardner and 
eR 0 Williams it must be remembered that they were working with 
Lx | s human feces while the data presented here were obtained with 
wa dog feces. It may be that the interfering substances which they 
dee . found are present in smaller amount in the latter than in the 
placate, 2a former. It is recognized that the values obtained probably do not 
SRE represent the exact amounts of cholesterol present but it is thought 
Soc l6 that they approximate the true percentages and are certainly of 





~~ f value in comparing the excretion by normal and bile fistula dogs. 
Baa | § Explanation of Tables.—Table I contains the data obtained in 
Series 6 with normal dogs on the strictly lipid-free diet employed 
in the bile fistula work. These experiments serve not only as a 
control for the results obtained with the bile fistula dogs, but also 
as a control for the experiments with normal dogs reported in the 
preceding paper (see foot-note on p. 361 (1)). 

In Table II are collected the data obtained with bile fistula 
animals. The results of all the experiments carried out with lipid- 
free diets while the dogs were still normal have been averaged in 
the case of each of the animals and are included in the table for 
comparison. One experiment, No. 12, is a fasting experiment. 
Through accident small portions of the ether extracts of the feces 
of Experiments 14A and 14B were intermixed and the data are, 
therefore, of little value. However, the experiments of the last 
weeks of a series are of much more value than the first, as the pos- 
sible influence of previous diet becomes less and less, and fortu- 
nately the experiments of the last 2 weeks of this series ran very 
smoothly and gave results in agreement with those from the other 
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normal and bile fistula dogs in order to facilitate the comparison 
with respect to composition. 


TABLE IV. 
Cholesterol Determinations. 








Experiment. | “Cholesterol.”’ 
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* Difficult to match. 


Table IV contains the results of the cholesterol determinations. 
Experiments where it was difficult to compare colors and where a 
red filter was used are indicated by asterisks. The term ‘‘cho- 
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lesterol”’ has been placed in quotation marks to indicate that it 
is only approximate and may be influenced by other sterols, 
It should be noted that the determinations are not all of equal 
importance since in some cases, particularly with the normal dogs, 
the unsaponifiable fractions from several animals (in Series 3 
from all five experiments) had been combined and were analyzed 
as a mixture. 


DISCUSSION. 


The primary problem of this investigation was that of deter- 
mining whether the lipids excreted by normal dogs on lipid-free 
diets reach the intestine by way of the bile or come from some other 
source. If, when bile is excluded from the intestine, the excretion 
continues as before in amount and composition, it appears logical 
to draw the conclusion that the bile is not the source of fecal lipids. 
The discussion will, therefore, be principally concerned with a 
comparison of the excretions of normal and bile fistula animals. 

The data at hand show beyond question, not only that the ex- 
cretion does continue after operation, but that it continues in 
considerably larger amounts than in normal animals. Can 
this increased excretion be correlated with the hypothesis that the 
lipids excreted by bile fistula dogs come from the same source 
(not the bile) as those excreted by normal dogs? ‘The possible 
criticism must be recognized that the excretion of the bile fistula 
dog is a different thing and comes from a different source than 
does that of the normal as witnessed by the larger amount ex- 
creted by the former. Such a criticism can best be answered by 
a comparison of the two excretions with respect to composition 
(see below) and by pointing out that it is entirely possible to ex- 
plain the increased excretion without giving up the hypothesis 
that it comes from the same source as in the normal dogs. _ In fact 
three such explanations have been suggested. 

According to the first. of these there is a secretion of lipids 
throughout the length of the intestine which may have a useful 
purpose or simply represent a “leakage” from the blood. In the 
normal dog this secretion is reabsorbed to a large extent but in the 
dog from the intestine of which the bile is excluded such reabsorp- 
tion is difficult or impossible. This view coincides to some extent 
with that of Niemann (57) who observed a case of congenital ocelu- 
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sion of the bile duct. He studied the infant during the 9 months 
of its life and found during the last period of observation a nega- 
tive lipid balance of about 5 gm. perday. He advances the theory 
that the excretion accompanies the transport of large quantities of 
fat from the tissues and apparently thinks that there is a leakage 
into the intestine dependent in quantity on the amount of fat 
being carried by the blood. He thinks that since this fat cannot 
be reabsorbed it appears in the stool. He also thinks it possible 
that normally in conditions of undernourishment large amounts of 
fat appear in the intestine but in the presence of bile are reabsorbed. 

A second theory explains the excretion as due to desquamation 
of intestinal epithelium. As in the first hypothesis the lipids from 
the upper portions are thought to be absorbed by the normal dog 
but excreted by the bile fistula dog. It is evidently very difficult 
to differentiate between a desquamation of this sort and a secre- 
tion, and the two theories are, therefore, very similar. 

The third explanation postulates bacteria as the source of the 
increased excretion. It has long been believed that the bile acids 
are disinfecting agents (Réhmann (58)) and that there is increased 
bacterial action when the bile is excluded from the intestine. It 
has been mentioned before that Channon (41) has recognized the 
possibility that bacterial synthesis may explain negative lipid 
balances. However, as pointed out in the preceding paper, 
rough calculations on the basis of such few unsatisfactory analyses 
of bacterial lipids as are available, indicate that but a small por- 
tion of the excretion of normals may be thus accounted for; 
and it is rather difficult to believe that such large amounts as have 
been found in the feces of bile fistula dogs are formed by bacteria. 
Still the possibility cannot be ruled out at present. Further work 
is being planned in the hope of obtaining more information con- 
cerning the lipid content of intestinal bacteria. 

If the fecal lipids excreted by bile fistula dogs had the same 
characteristics and composition as those excreted by normal dogs, 
it would be strong evidence for the view that both come from the 
same source. Casual examination reveals several points of close 
similarity in the excretions under the two conditions. As in the 
normals there is a large variation in the total excretion of each dog 
from week to week. Also the percentage composition, as far as the 
four fractions determined go, is quite constant throughout in 
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agreement with the results of the work with normals. In only 
one case (Experiment 9B) was there any marked variation from 
the average. In this experiment an abnormally large amount of 
unsaponifiable material was found along with an abnormally 
small amount of fatty acids. It was thought that the saponifica- 
tion might have been incomplete and several attempts were made 
to break down the unsaponifiable fraction further by means of 
alcoholic potassium hydroxide, but without success. Why there 
should have been this single abnormal case is not understood. 

The excretion continues over periods of time up to 5 weeks in 
length with no apparent change either in total amount or percent- 
age composition. In fact the largest excretion was obtained in 
the last week of a series (Experiment 9D). As far as the constancy 
of percentage composition goes, this finding is in complete agree- 
ment with the results from normal dogs; but in the previous paper 
the conclusion was drawn, based largely on the results from Series 
2, that there was a small diminution in total excretion toward the 
end of a series. Series 2 did not run smoothly, however, due to 
the pathological condition of the dogs, and the diminution was not 
nearly as marked in Series 3 where there was, in fact, a decided 
rise during the 4th week. In Series 6, which ran very smoothly 
throughout, there was no evidence of such a diminution and it is 
felt now that, if there is any such regular diminution in the excre- 
tion of normal dogs, it is very small. Certainly there is no great 
difference between the results with normal and bile fistula dogs as 
far as this point is concerned. 

There apparently is a rough proportion between the average 
total excretion of the bile fistula dogs and their body weight. The 
variations from week to week are so great, however, that it is 
difficult to say whether this relationship is real or apparent. No 
such proportion could be shown in the case of the normal dogs. 
Another possible point of dissimilarity is to be found in the fast- 
ing experiment, where the excretion was as large as in several of 
the experiments with the lipid-free diet. In the case of normal 
fasting dogs definitely smaller amounts were excreted than with 
the lipid-free diets. It is possible to explain this apparent dis- 
crepancy by the assumption that the normal fasting dog, in his 
effort to conserve all his resources, reabsorbs a larger amount of 
secreted lipids than he does on an ample diet. The bile fistula 
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dog on the other hand, is unable to reabsorb lipids from the in- 
testine under any conditions. In agreement with the fasting ex- 
periment no effect of decrease in weight because of poor eating 
was observed. The same was found in the work with normals 
though it was not understood why there should not have been a 
decrease in the excretion as in the fasting experiments. Taking it 
all in all, as far as the above general considerations go, there is a 
marked similarity in the excretion before and after exclusion of 
the bile from the intestine. Such apparent differences as have 
been noted are of minor importance and for the most part may 
be explained on the assumption that the fecal lipids of bile fistula 
dogs come from the same source as those of normal dogs. 

Before comparison can be made with respect to percentage com- 
position it is necessary to say a word concerning the composition 
of the basal lipid excretion of normal dogs. Because of the dis- 
crepancy between Series 2 and Series 3, discussed in the preceding 
paper, it was difficult to determine what that composition was 
and it was decided, temporarily at least, to strike a rough average 
between the two series. Another series with normals (Series 6, 
Table I) is now available and in order to facilitate comparison 
the data from this series have been averaged and are presented in 
Table III along with the average values of certain other experi- 
ments. The averages of all experiments with normal dogs on 
lipid-free diets except Series 6 are given in the first row. These 
are the values which were taken as representing the normal basal 
excretion in the preceding paper. It will be noted that there is a 
decided, though not large, difference between these values and the 
averages of Series 6. The ratios of unsaponifiable material to 
fatty acids and of liquid to solid acids are definitely smaller in the 
latter. The values from Series 3 have also been separately aver- 
aged. A comparison between these figures and those from Series 
6 shows fairly close agreement. The ratios mentioned above are 
a little larger in Series 3 than in Series 6, it is true, but the agree- 
ment is much closer than between either of these series and Series 
2, to which the high ratios in the grand average (first row of table) 
are largely due. It must be remembered, as mentioned above, 
that the results of Series 2 are open to question because of the 
pathological condition of the animals, while both Series 3 and 
Series 6 ran very smoothly. It is felt that the results of Series 6 
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in particular deserve special consideration, despite the smaller 
number of dogs and experiments, since no trouble of any kind was 
experienced and the dogs ate well and were healthy throughout, 
It may be that the slight differences in composition with respect 
to Series 3 are due to improved analytical technique obtained with 
practice. It is not thought that the use of a strictly lipid-free diet, 
rather than one containing small amounts of lipids in the casein, 
made any difference in the results, since the total excretion was a 
little larger with the strictly lipid-free diet. From these consider- 
ations it seems best to take values intermediate between Series 3 
and Series 6 as representing the normal composition of the fecal 
lipids excreted by normal dogs on a lipid-free diet. 

We are now in a position to compare the average composition of 
the lipids excreted by bile fistula dogs with these normal values. 
It is noted at once that the percentages of unsaponifiable material 
and fatty acids are almost exactly the same as those adopted as 
normal. It is just as apparent, however, that the melting points 
of the total fatty acid fractions are consistently high and, as might 
be expected from this fact, the ratios of liquid to solid acids are 
definitely low in the case of the bile fistula dogs. It may be that 
there is a higher selective reabsorption of solid than of liquid acids 
from the secreted lipids in the normal dog, from which one might 
conclude that the bile is of special value in the absorption of solid 
acids. Another and perhaps better explanation is that the lipids, 
either secreted or from desquamated epithelium, in the upper 
portion of the intestine, where they normally are reabsorbed, con- 
tain a higher proportion of solid acids than those secreted in the 
lower part; or, if it be assumed that the excretion is due to bacteria, 
it would rather be expected that there would be a difference in the 
types of bacteria with probable difference in composition of lipids 
in bile fistula dogs. At any rate, whatever the explanation may 
be, the difference is comparatively small, and in view of the very 
close similarity in the proportion of unsaponifiable and fatty acid 
fractions, it seems most probable that the excretion comes from 
the same source before and after the exclusion of the bile from the 
intestine. 

The results are of interest in view of the possibility, expressed 
in the preceding paper, that the excretion may have to do with the 
removal of waste sterols, the function of the fatty acids being that 
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of holding the sterols in solution. The high ratio of liquid to solid 
acids and low total acids in the normal fasting experiments were 
thought to be of possible significance as expressing the ability of 
the animal to accomplish its purpose with less wastage of usable 
acids. If the purpose of the excretion is that of removing waste 
sterols from the body through the intestinal wall, one would 
expect that the same proportion of total acids of the same compo- 
sition would be required whether the excretion of sterol were 
large or small. A change in the ratio of liquid to solid acids would 
not be expected unless there were a change in the ratio of unsaponi- 
fable material to total acids. In other words one might expect, if 
the above theory were tenable, that a decrease in the proportion 
of total acids would be accompanied by an increase in the propor- 
tion of liquid acids. A tendency in this direction indeed is shown 
apparently by the values in Table III, a decreasing proportion of 
unsaponifiable material being accompanied by a decreasing ratio 
of liquid to solid acids. It seems to go too far, however, in the 
case of the bile fistula experiments and we see a marked decrease in 
the latter ratio without an accompanying decrease in the propor- 
tion of unsaponifiable material. The high ratio of liquid to solid 
acids in Experiment 9B, where there was an abnormally high pro- 
portion of unsaponifiable material, seems to be in accord with the 
theory; but, when the ratios of liquid to solid acids in the other 
experiments are plotted against the percentages of unsaponifiable 
material, no relationship at all is seen. The very low ratio in the 
fasting experiment is also apparently in direct contradiction to 
the results of the fasting experiments with normal dogs. The 
theory that the fatty acids of the fecal lipids are present in order 
to hold the sterols in solution receives little support from the 
results of this investigation. 

Time was not available for the detailed analysis of the fatty 
acid fractions such as was carried out in the work with normal 
animals. The melting points of the solid acid fractions in most 
eases are close to the theoretical for a mixture of equal parts of 
palmitic and stearic acids. Apparently there was better separation 
made possible by the larger amounts of material available, the 
lower melting points in the experiments with normals being due to 
the presence of small amounts of liquid acids. 

Information of a comparative nature is available concerning the 
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composition of the unsaponifiable fractions (Table IV). The 
“cholesterol” content of the fractions excreted by normal dogs 
seems to be somewhat higher on the average than of those excreted 
by bile fistula dogs. The apparent average of values from normal 
dogs is 48.5 while that from the bile fistula dogs (omitting Experi- 
ment 9B) is 38.0. It must be remembered, however, that the 
percentages from the normal animals are by no means of equal 
value since they represent varying numbers of experiments. The 
analysis labelled Series 3 is of the greatest importance because the 
sterol fractions from the greatest number of experiments were 
combined in this determination. It is to be noted that the value 
obtained is very close to the average of the bile fistula experiments. 
Gardner and Fox (47) in twenty-six determinations found an aver- 
age of 59.5 per cent of digitonin-precipitable sterols but this was in 
human feces. There was considerably more variation in the re- 
sults of the analyses of the material from normal dogs than of 
that from the bile fistula animals. This finding may be related to 
the fact that in some of the ether solutions, which had been stored 
for considerable periods, varying amounts of a white, insoluble 
substance had formed. ‘Time was not available for an investiga- 
tion of its nature. The abnormally low percentage in the case of 
Experiment 9B is of interest in connection with the large amount 
of unsaponifiable material excreted in that experiment. The 
appearance of the color was the same from normal and bile fistula 
dogs and it is not thought that the difference found, if it is a real 
difference at all, is sufficient to lead to the conclusion that the 
sterols come from different sources in normal and bile fistula dogs. 
Considering all the foregoing evidence as a whole, it seems more 
reasonable to conclude that the excretion comes from the same 
source in bile fistula as in normal dogs, rather than to assume that 
in the latter it has its source in the bile while in the former it is : 
different excretion and is formed in some other way. In general 
the excretions under the two conditions have been found to be 
very like and such differences in characteristics and composition 
as have been discovered are small and may be explained as due to 
the different condition of the intestine in the absence of bile. 
This investigation was undertaken particularly because of its 
application to certain problems of cholesterol metabolism, as 
discussed in the introduction. If it is accepted that the fecal 
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lipids come from the same source in bile fistula as in normal dogs, 
it follows at once that the basal lipid excretion of a normal dog, 
including the cholesterol, does not come from the bile. This 
means that the view of a great many investigators, that the bile 
is the normal pathway of cholesterol excretion, must be modified. 
The present investigation of course presents no evidence to show 
that excess cholesterol from the food is not absorbed and reex- 
creted by way of the bile. However, the evidence of other inves- 
tigations discussed in the introduction does not support such a 
view and it seems quite definite from the present results that when 
the animal is receiving no cholesterol none is removed from the 
body by the bile. It also follows that the cholesterol present in 
the bile must be completely reabsorbed under the conditions of 
these experiments in some such fashion as was postulated years 
ago by Gardner and coworkers. Finally, the results raise a ques- 
tion concerning balance experiments designed to test the ability 
of the body to synthesize cholesterol. Though negative balances 
have been obtained, seemingly confirming the view that choles- 
terol may be synthesized, the possibility that bacteria are responsi- 
ble must be eliminated before cholesterol synthesis by the adult 
animal organism may be considered established. Even if the 
source of the fecal lipids is found to be desquamation of intestinal 
epithelium or a secretion of lipids into the intestine for the purpose 
of lubrication, it is not necessarily proved that there is a synthesis 
of cholesterol. It is possible that the relatively small amounts of 
cholesterol removed from the body by this means are replaced 
from body stores. 


CONCLUSION, 


A comparison of the lipids excreted by dogs before and after 
exclusion of the bile from the intestine reveals but one outstanding 
difference: a considerably larger amount is excreted after exclu- 
sion than before. Minor differences, of which the most obvious 
is a smaller ratio of liquid to solid acids after operation, are noted 
in the composition; but these differences may be correlated with 
the hypothesis that the fecal lipids come from the same source in 
bile fistula and normal dogs. The increased excretion by the 
former may also be correlated with the same theory by the assump- 
tion that throughout the length of the intestine there is a secretion 
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of lipids, which are largely reabsorbed by normal dogs but which 
escape absorption in the absence of bile. It is strongly indicated 
by the general similarity in composition of the lipids excreted by 
normal and bile fistula dogs that in each case they come from 
the same source, which, of course, cannot be the bile. These 
results are not in agreement with the view of many workers that 
the bile plays a major réle in the excretion of cholesterol. 

It would perhaps have been desirable to have had more material 
on which to base the foregoing conclusions. Circumstances made 
it necessary, however, to interrupt the work at this point and it 
was thought best to publish the data thus far obtained, since the 
results were in good agreement throughout. 


SUMMARY. 


1. Dogs, from the intestines of which bile was excluded, have 
been maintained on strictly lipid-free diets for periods of time up 
to 5 weeks in length. Under these conditions they excrete lipids 
in amounts ranging from 1.5 to 4.5 times the average excretion 
while normal. 

2. As in the normal dog there is considerable variation in the 
total excretion from week to week but no diminution in amount 
may be seen in the long continued series. The composition is 
quite constant, the average being 31.4 per cent unsaponifiable 
matter and 63.1 per cent fatty acids, containing 41.9 per cent solid 
and 45.5 per cent liquid acids. 

3. Because of the close similarity in composition of the excre- 
tions of normal and bile fistula dogs the conclusion is drawn that 
the bile is not the source of fecal lipids. Various applications of 
the results to problems of cholesterol metabolism are discussed. 
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THE DETERMINATION OF THE AMOUNT OF CON- 
NECTIVE TISSUE IN MEAT. 
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The desirability of any cut of meat as an article of diet depends 
largely upon the flavor and the toughness of its lean. While no 
appreciable headway has been recorded in the quantitative study 
of meat flavor and of the constituents of meat to which it is due, 
4 study of the toughness of meat has been carried on for a number 
of years with notable success by Lehmann of the Hygienic In- 
stitute at Wiirzburg, Germany. In collaboration with a number 
of his pupils, Lehmann has shown (1) that the toughness of dif- 
ferent cuts of meat, measured mechanically, was closely related 
to their content of connective tissue, and that the decrease in 
toughness resulting from cooking was related to the collagen of 
connective tissue rather than to the elastin. Under the influence 
of moist heat the collagen is readily changed to gelatin, thus 
losing its toughness. In the raw condition, white fibrous con- 
nective tissue (mainly collagen) is almost twice as tough as yellow 
elastic connective tissue (mainly elastin), but when cooked, the 
former loses most of its toughness while the latter remains practi- 
cally unchanged in this respect. Physical differences in the mus- 
cle fibers themselves were not found to be appreciable factors in 
determining differences in toughness of muscle samples. 

There is an obvious advantage in the use of a chemical measure 
of toughness as compared with a mechanical one, since Lehmann 
found that results of the mechanical test were so variable that a 
series of ten to twenty individual determinations should be run 
in order to obtain a representative average value. When only 
a limited amount of meat is available, therefore, it may be im- 
possible to use the mechanical test to advantage. 
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Two methods were used in determining the connective tisgye 
content of different muscles. One was a purely mechanical 
method developed by Schindler (2) in which a weighed portion 
of meat was simply scraped parallel with the fibers with a moder- 
ately sharp knife. The muscle cells are said to be easily scraped 
away, leaving a white framework of connective tissue fibers, 
which may be weighed either in the moist or in the dry condition, 

In the same laboratory, Schepilewsky (3) worked out a chemi- 
cal method for determining the connective tissue in flesh. In this 
method the muscle tissue is removed largely by mechanical means, 
consisting of trituration in a mortar with water, and sieving. The 
last traces are removed by treatment for 15 hours with cold 
5 per cent sodium hydroxide solution. The separation of col- 
lagen and elastin is accomplished by treatment with hot alkali, 
in which the collagen is converted to gelatin and goes into 
solution. 

We have followed the Schepilewsky method on a number of 
samples of meat and on white tendon obtained from pig shanks. 
We have found that a satisfactory filtration of the cold alkaline 
solutions is difficult, and we have obtained clear indications that 
collagen is appreciably soluble in 5 per cent sodium hydroxide, 
the solution used to remove the last traces of muscle tissue. Two 
samples of beef rib were submitted to the Schepilewsky method 
and to the method developed in this laboratory, which will be 
described later; in both cases, the gelatin results of the Schepilew- 
sky method were only a small fraction of the results of the new 
method in which no alkaline extraction is used. A sample of 
white tendon was obtained by freezing pig tendons and slicing 
them in the frozen condition into thin sections. The sliced ten- 
don (30 gm.) was then thoroughly macerated for 90 minutes with 
300 cc. of water in a small ball mill. The water treatment and 
the sieving, followed by the treatment with cold alkali, was 
done according to Schepilewsky’s directions. The filtrate, how- 
ever, was cloudy, and contained over 50 per cent of the total 
nitrogen of the tendon. Upon acidification with acetic acid, a 
white cloudy precipitate separated, which was filtered off. The 
filtrate was clear and gave a deep color with the biuret test.. Al 
though no quantitative determination of the nitrogen contained 
in this clear solution was made, it was clearly evident that con- 
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siderable amounts of collagen nitrogen had been dissolved in 
the cold alkali. 

It seems evident that a sharp separation of residual muscle 
stroma proteins from the characteristic proteins of connective tis- 
sue, collagen and elastin, is difficult if not impossible of attainment 
by either physical or chemical means. However, a more satis- 
factory separation than that accomplished by treatment with 
cold 5 per cent alkali would seem to be essential. We have 
adopted the following procedure. After the removal of most of 
the muscle tissue by cold water extraction and mechanical separa- 
tion on a sieve, according to a method equivalent to that of 
Schepilewsky, the collagen is converted into gelatin by heating 
in the autoclave, and is removed by exhaustive hot water ex- 
traction. There is no reason to suspect that the water-insoluble 
proteins of the residual muscle tissue would be soluble in hot 
water. The residue remaining from this treatment is then di- 
gested with an alkaline trypsin solution at approximately 40°C, 
The muscle proteins are readily digested by trypsin while elastin 
is quite resistant. 

In 1910, Baumstark and Cohnheim (4) showed that in vitro 
digestion of small pieces of meat (2 to 3 cm. long and 1 em. in 
diameter) with pancreatic juice for 36 hours, removed the muscle 
fibers, leaving the connective tissue framework apparently intact. 
They concluded that digestion of connective tissue in vivo must 
be brought about by pepsin either in the stomach or in the upper 
part of the small intestine. The great resistance of elastin to 
tryptic digestion was amply confirmed by Abderhalden and 
Strauch (5) and Abderhalden and Meyer (6). In these investi- 
gations it was further shown that elastin readily adsorbs pepsin 
in the stomach and that the hydrolysis of elastin by this adsorbed 
pepsin continued throughout the length of the small intestine. 
Thus, elastin and possibly also collagen, are digested in vivo 
almost entirely through the action of the gastric protease, pepsin. 

Trypsin does slowly attack elastin (5, 7), so that the separation 
of muscle proteins and elastin by means of tryptic digestion is 
only an approximation, the success of which will depend upon 
the choice of a time of reaction such that the error is least. The 
digestion of meat in vitro by trypsin in alkaline solution fully 
confirmed the results of preceding investigators. In 12 hours, 
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the muscle tissue was obviously largely if not entirely removed, 
leaving the white fibers of connective tissue. In the case of a 
sample of lean meat from the ribs of a 3 year old steer, it was found 
that at the end of 16 hours digestion, 36.3 per cent of the total 
nitrogen was undissolved, at the end of 24 hours, 32.8 per cent 
remained, and at the end of 40 hours, 27.5 per cent. A digestion 
period of 16 hours was adopted. 

The filtration of the tryptic digest presented difficulties, since 
the alkali could not be neutralized without bringing down a 
precipitate of partially hydrolyzed protein. The expedient was 
finally adopted of filtering through a 120 mesh sieve. 

While it might be considered that the connective tissue pro- 
teins might well be determined simply by means of the trypsin 
digestion, since collagen as well as elastin is extremely resistant 
to tryptic action (8), our attempts to devise such a method were 
not particularly successful. Satisfactory duplicates were diffi- 
cult to obtain. Furthermore, since the separation is only ap- 
proximate under the best of conditions, it would seem that the 
error would be the less the smaller the amounts of the separable 
proteins to be digested. 


Description of Method. 


The method finally adopted for the determination of the charac- 
teristic proteins of connective tissue in meat may be described 
as follows: Free the meat from all visible fat and surrounding con- 
nective tissue. Grind the sample through a meat chopper using 
a medium cutting plate. All meat remaining in the mill should 
be removed and thoroughly mixed with the ground sample. 

Duplicate samples varying in weight from 25 to 100 gm. each 
may be used. The more connective tissue there is in the sample 
the smaller need the sample be. Place the sample in a small 
ball mill with 300 cc. of distilled water and macerate for 90 
minutes. Transfer the sample onto a 40 mesh sieve, rejecting 
the filtrate. Wash the residue by taking up in 150 to 300 ce. of 
cold water, stirring thoroughly in a beaker, and filtering through 
the 40 mesh sieve. Repeated tests have shown that seven washings 
are sufficient to remove practically all of the water-soluble protein 
and most of the finely divided granular material. 
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Transfer the residue from the sieve to an 800 cc. beaker. Bring 
the volume up to about 400 ec., cover with a watch-glass, and 
heat for 2 hours in an autoclave under 16 to 18 pounds pressure. 
Release the pressure in the autoclave gradually and do not dis- 
turb the beakers for at least 5 minutes after the door is opened, 
for as long as the contents of the beakers are superheated there 
is danger of loss. Decant the hot supernatant liquid through a 
fluted filter paper, collecting the filtrate in a 1 liter volumetric flask. 
Wash the residue on the filter back into the beaker with 100 ce. 
of hot water, boil for a few minutes, and filter again. Repeat 
this process five times, or until the washings give only a constant 
faint color with the biuret test. Make the combined filtrates in 
the volumetric flask up to the mark and take aliquots for total 
nitrogen determinations. 

Wash the residue on the filter back into a 400 ec. beaker with 
100 ce. of cold trypsin solution. Add 3 cc. of a mixture of chloro- 
form and toluene and digest for 16 hours in the constant tem- 
perature oven at 38-40°C. Heat the solution to boiling, filter 
the trypsin extract through a 120 mesh sieve, and wash the residue 
three times with hot water, filtering each time through the sieve. 
Reject the filtrates. Determine total nitrogen in the residue by 
transferring to a Kjeldahl flask with water, digesting in the usual 
manner, and taking aliquots for distillation. 

The nitrogen taken out by treatment in the autoclave and 
extraction with hot water is considered to be collagen nitrogen, 
and the nitrogen in the final residue, elastin nitrogen. The 
results are conveniently expressed in percentages of the total 
nitrogen of the meat. 

There may be some question as to whether the results obtained 
for elastin may not include some of the other proteins of connec- 
tive tissue. The coagulable proteins and the nucleoproteins of 
connective tissue, in so far as they are not removed by sieving in 
the initial process of the method, would presumably be dissolved 
during the tryptic digestion. The mucoid of connective tissue 
may also be dissolved at this stage, though no positive statement 
as to this can be made. In any case, the mucoid contamination 

‘The trypsin solution is made as follows: 1.5 gm. of powdered trypsin 
we use a product put out by Fairchild Brothers and Foster of New York) 
and 6 gm. of sodium carbonate dissolved in 2 liters of water. 
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TABLE I. 
Connective Tissue Proteins in Meat. 
. Total Collagen Elastin Fa on 
sample. of total. of total, | 1" Percent 
of total, 
per cent 

1 Beef rib. 3.19 8.4 6.4 14.8 

7.9 7.8 15.1 

2 o ” 3.29 2.5 8.1 10.6 

3.0 8.0 11.0 
3 om * 3.65 9.4 47 14.1 
9.1 5.1 14.2 
4 = oF 3.35 4.2 8.7 y 
4.2 8.2 2 
5 ** shank. 3.42 | 7.5 4.4 21.9 
6.2 12.0 18.2 
6 | Pork tenderloin. 3.68 | 3.0 G 4.7 
2.3 1.8 4.2 

7 Chicken, composite bone- 3.63 19.6 5.2 24.8 
less meat from 2 lb. 
cockerels. 

| 

8 | Chicken, composite bone-| 3.48 17.8 3.7 21.5 
less meat from 2 lb. 18.0 4.1 22.1 
pullets. 

9 | Chicken, composite bone-| 3.28 15.1 1.0 16.1 
less meat from 3 lb. 14.4 0.6 15.0 
pullets. 

| 

10 Chicken, composite bone-| 3.61 20.5 0.6 21 
less meat from 4 lb 20.8 0.5 21 
cockerels. 

11 Chicken, breast muscle 3.24 2.1 0.8 2.9 
from 3 lb. cockerel. ‘2 0.6 1.7 

12 Chicken, thigh muscle 3.21 2.4 3.7 6.1 
from 3 lb. cockerel. 2.0 6.5 8.5 
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TABLE I—Concluded. 

















Total Collagen | Elastin Pan 
— Description of sample. — isn perene iin pee eane ny, F 
| sample. | of total. of total. of total. 
a per cent | | ras 
13 | Chicken, breast muscle 4.06 | 1.7 
from 3 lb. pullet. 3.4 0.3 | 3.7 
| | | | 
14 Chicken, thigh muscle 3.23 | 2. 7 i Ss 
from 3 lb. pullet. | 12.4 we 14.2 
15 | Chicken, breast muscle 4.14 | 5 1.6 8.1 
from 4 lb. cockerel. 6.8 1.6 8.4 
16 | Chicken, thigh muscle 3. 69 11.9 1.8 13.8 
| from 4 lb. cockerel. 13.5 2.4 15.9 
} 
17 | Pork, white tendon. | 5.50 87.7 4.8 92.5 
| | 90.7 4.1 | 948 
18 | Beef, ‘ " | 6.98 85.6 0.4 | 86.0 
| | 86.3 0.4 | 86.7 
19 | “ yellow “ | 697 | 17.9 | 80.0 | 97.9 
| ligamentum nuchw. | | 17.4 | 80.0 | 97.4 
| | 
20 | Pork, water- and wtied 14.74 32.4 25.2 | 57.6 
| adipose tissue. | 34.5 | 26.1 60.6 








of elastin would probably not detract greatly from the relative 
significance of the results obtained. 


Results Obtained by the Method. 


A number of samples of animal tissue were analyzed according 
to the method described above. In the tabulation of these re- 
sults, the duplicate determinations are given as illustrations of 
the agreement to be expected. All of our results to date with 
this method are included in Table I, though obviously a few of 
them in routine work would call for repetition. 

The method is evidently not capable of detecting small differ- 
ences in the connective tissue content of different samples of 
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meat. However, it would appear to be sufficiently accurate for 
many practical purposes. For example, a rib of beef is a tenderer 
cut than a shank, and the figures in the table indicate a distinctly 
smaller content of connective tissue, though different cuts of the 
same description apparently vary greatly in this respect, probably 
because of differences in condition of the steers from which they 
are taken. Pork tenderloin also evidently ranks as a very tender 
cut, according to the analysis of Sample 6. A comparison of 
Samples 7 to 10, inclusive, indicates that the composite sample of 
cockerel flesh is somewhat tougher than the composite sample of 
pullet flesh, while a comparison of Samples 11 to 16 inclusive, 
shows that the thigh of a chicken carries distinctly tougher meat 
than the breast. The latter samples do not indicate any clear cut 
differences between cockerel and pullet flesh. 

The results for Samples 17, 18, and 19 permit a rough compari- 
son with the results of other methods of separation. Buerger and 
Gies (9) report the composition of the organic matter of white 
tendinous tissue from the ox as follows: 85.1 per cent of collagen, 
4.4 per cent of elastin, 3.5 per cent of mucoid, 0.59 per cent of 
coagulable proteins, 2.8 per cent of ether-soluble matter, and 
2.4 per cent of extractives and undetermined constituents (ob- 
tained by difference). Vandegrift and Gies (10) give the follow- 
ing as the average composition of the organic matter of the 
ligamentum nuchez of the ox: 74.6 per cent of elastin, 17.0 per 
cent of collagen, 1.2 per cent of mucoid, 1.5 per cent of coagulable 
protein, 2.6 per cent of ether-soluble matter, and 1.9 per cent of 
undetermined material. 

The results obtained on Sample 20 may not be representative 
of ordinary connective tissue, since the sample was analyzed in 
a dry, finely ground condition, permitting the possibility of ap- 
preciable loss of collagen or elastin elements through the 40 mesh 
sieve. 
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THE DISTRIBUTION OF DIHYDROSITOSTEROL IN 
PLANT FATS.* 


By R. J. ANDERSON, FRED P. NABENHAUER, anp R. L. SHRINER. 


(From the Biochemical Laboratory, New York Agricultural Experiment 
Station, Geneva.) 


(Received for publication, November 12, 1926.) 
INTRODUCTION. 


It has been shown in previous reports from this laboratory that 
the fat extracted from the endosperm and bran of corn (1) and 
wheat (2) contained a saturated sterol, dihydrositosterol, 
C.;Hy,OH, in addition to unsaturated sterols. To what extent 
dihydrositosterol is distributed in plant fats is not known but it 
seemed probable that it would be found in the fat obtained from 
the endosperm and bran of various seeds. The present paper 
gives additional information on the distribution of dihydro- 
sitosterol. 

The unsaponifiable matter obtained from the fat extracted from 
cottonseed meal and linseed meal has been examined for dihy- 
drositosterol. If the saturated sterol is concentrated in the outer 
coverings of these seeds, as is the case with corn and wheat, it 
was thought that the fat remaining in the meal after the oils had 
been pressed out might be richer in dihydrositosterol than the oils 
obtained by expression. This was not found to be the case to 
any marked degree at least, for the sterols isolated from the fat 
extracted from the meals were very similar to those obtained 
from the pressed oils. 

The fat extracted from rice bran is rich in unsaponifiable matter 
but the yield of crystalline sterols is very small because the greater 
portion of the material consists of a brown viscous liquid. Wein- 


*An abstract of this paper was read at the Geneva meeting of the 
Western New York Branch of the Society for Experimental Biology and 
Medicine, May 22, 1926. 
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hagen (3) examined the rice bran fat and described the crystalline 
sterols as sitosterol. The sterol fraction has been more fully 
described in another paper (4). It will suffice to state here that at 
least three different sterols were present and from this mixture a 
small quantity of dihydrositosterol was isolated. 

The unsaponifiable matter obtained from corn oil has been 
examined by several investigators (5). Since the paper published 
by Gill and Tufts (6) the sterol has generally been regarded as 
identical with the sitosterol prepared from wheat and rye germ by 
Burian (7). 

For the present investigation about 100 gm. of crystalline sterols 
were prepared from 10 kilos of corn oil. It was believed that the 
substance was pure sitosterol but investigation showed that the 
material could be separated by crystallization into a number of 
fractions that varied greatly in optical rotation (8). From thetop 
fraction 1.65 gm. of pure dihydrositosterol were obtained by the 
method of Anderson and Nabenhauer (9). 

Since dihydrositosterol was found in the oil prepared from corn 
germ it was decided to examine wheat germ oil (10) for the same 
substance. The sterols of wheat germ and rye germ were first 
investigated by Burian (7) and somewhat later by Ritter (11). 
The substance was called sitosterol and except for a very small 
amount of material obtained from the mother liquors called para- 
sitosterol, it was supposed to represent a homogeneous com- 
pound. For the present work commercial wheat germ was secured 
which appeared to be very pure but a microscopic examination 
revealed a slight admixture of fine particles of bran and endosperm. 
Since earlier investigations have shown that wheat endosperm 
and wheat bran contain relatively large quantities of dihydro- 
sitosterol, one might with reasonable certainty predict the presence 
of a small amount of this sterol in the unsaponifiable matter 
derived from the wheat germ described above. The fat extracted 
from 44 kilos of the wheat germ gave on saponification 158 gm. 
of unsaponifiable matter from which 0.44 gm. of dihydrositosterol 
was obtained. Through the cooperation of Evans and Burr 
100 gm. of crude crystalline wheat germ sterols, obtained as by 
product in their preparation of vitamin E (12) were also examined. 
From this material 1.65 gm. of pure dihyrositosterol were isolated. 

The results that have been obtained so far indicate that di- 
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hydrositosterol is widely distributed in plant fats. It has been 
isolated from the fat from rice bran and it occurs not only in the 
endosperm and bran of corn and wheat but small amounts have 
been obtained from the oils prepared from the germ of these grains. 
To what extent dihydrositosterol would be present in absolutely 
pure wheat germ is unknown but it would be very difficult to 
secure a sufficient amount of such pure material. 

There is no easy or convenient method of isolating dihydrosito- 
sterol. It has been found necessary to recrystallize the crude 
sterols until the top fraction shows only a slight levorotation. The 
substance is then dissolved in carbon tetrachloride and treated 
with acetic anhydride and sulfuric acid as described by Anderson 
and Nabenhauer (9). With certain sterol mixtures this method 
works very well but occasionally it is quite unsatisfactory, since 
practically all of the sterols may disappear from the reaction 
mixture evidently due to the formation of sulfonic acids or sterol 
sulfates. These compounds are soluble in water and hence are 
removed from the carbon tetrachloride when the latter is washed 
with water. They also form very stable emulsions when the 
solvent is shaken with water which renders the separation of the 
two liquids very difficult or impossible. 

To obviate some of these difficulties it has been found necessary 
to concentrate the saturated sterol in the top fraction by crystalliza- 
tion from ethyl alcohol until the rotation is close to 0°. The 
resulting mixture which is rich in the saturated sterol is then 
acetylated, dissolved in carbon tetrachloride, and treated with 
acetic anhydride and sulfuric acid. The formation of saturated 
sterol sulfates appears to be greatly reduced by this procedure; a 
better separation and an increased yield of dihydrositosterol is 
therefore secured. 

The functions of dihydrositosterol in plant metabolism are un- 
known but it is interesting to note that it is the analogue of cop- 
rosterol (13), the saturated sterol which is presumably a reduc- 
tion product of cholesterol, which is eliminated in the feces of 
human beings and of certain animals. The experiments of Hess 
and Weinstock (14) have shown that dihydrositosterol differs in 
physiological activity from unsaturated sterols in that the sub- 
stance acquires no antirachitic property on irradiation with ultra- 
violet light. 
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The dihydrositosterols that have been isolated from different 
sources are all very similar in their properties but it cannot be 
stated definitely that they are identical chemical compounds, 
Some differences in the melting point of the free sterols as well as 
of the acetyl derivatives have been noted, yet no depression of 
the melting points of mixtures of these substances was obtained, 
Slight differences in the magnitude of the optical rotations have 
also been observed. The variations may be due to differences in 

TABLE I, 
Properties and Composition of Dihydrositosterol. 





. ons | 
| Composition. 

















| | 
Source. | _| Mp» | [elt i lal, 
co; 3 | | call 
Sisie | |e | 
Corn. 
Gluten... ..............{88.42/12.46] 143-144|+24.23°| 137 |414.41° 
i kiidciadnneniiceed {83.30)12.23] 142-143/+24.05°| 139 | 
__ eet '83.13/12.54| 143-144|+25.18°| | 
eee . .|83.49)12.66) 143-144 +23 .81° 
Wheat. | | 
Di chit sakicrcenannkwen ‘83.34/12 64) 145-146 +25.82°| 140 | 
Fe gbivendennckes .|83.34/12.22] 144-145|+23.79°9| 140 |412.78° 
Gy cssdaseaneeinant '83.07/12.75| 143-144/-+22 20° 
m. Sgiseokens . ++ +++, {83.26]12.61) 143-144/-+23.61°| 141 | +12.72° 
Rice bran............. .. |83.02/12.24| 144-145) +23 .90°| 
0 Sr 83.39/12.44) 142-143/4+24.16°| 139 | 


Calculated for C2;H,,OH.. . |83.5012.37| 





* Melting points mentioned in this paper are corrected. 
t All determinations of optical rotations were made in chloroform solu- 
tion and with sodium light. 


purity but in view of the large number of isomers that are possible 
among the sterols one can easily imagine the possibility of the 
existence of many isomeric compounds of this class that would 
probably differ but slightly in physical properties. 

The dihydrositosterol that occurs in plant fats appears to be 
identical with the synthetic sitostanol that is obtained when an 
unsaturated sterol, possessing the properties usually ascribed to 
sitosterol, is reduced with hydrogen in the presence of platinum 
black. At least the melting point and optical rotation of these 
compounds are very similar. 
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The properties and composition of the various dihydrositosterol 
preparations that have been isolated are summarized in Table I 
in comparison with the synthetic sitostanol. 


EXPERIMENTAL PART. 


Examination of the Sterols from Cottonseed Meal. 


Cottonseed meal, 30 kilos, was extracted with petroleum ether. 
The oil that remained on evaporating the solvent, 886 gm., was 
saponified with alcoholic potassium hydroxide. The soap solution 
was diluted with water and extracted with 4 portions of ether. 
After the ethereal solution had been washed with water the ether 
was distilled, and the residue was dried. The crude unsaponifiable 
matter weighed 13 gm. which is equal to 1.46 per cent of the oil. 
The dark colored semisolid mass was stirred up with a little cold 
petroleum ether, filtered, and washed with cold petroleum ether. 
The nearly colorless crystals thus obtained weighed 4.45 gm. The 
substance was recrystallized from 200 ce. of aleohol when 3.3 gm. 
of colorless crystals were obtained. The mother liquor gave 
0.65 gm. of colorless crystals on concentration. The rotation 
of the first fraction was —34.05° and the second fraction was 
—35.24°. These values are similar to those found with the sterols 
prepared from cottonseed oil (15) and would indicate that cotton- 
seed meal does not contain any greater proportion of dihydrosito- 
sterol than does the oil. 


Sterols from Linseed Meal. 


By the method outlined above 15 kilos of linseed meal gave 
927 gm. of crude fat which yielded after saponification and extrac- 
tion with ether 17 gm. of unsaponifiable matter in the form of an 
oily mass. A small amount of crystalline sterols was obtained 
by dissolving the oil in alcohol and allowing the solution to cool. 
The crude crystals were filtered, washed with cold petroleum ether, 
and recrystallized from alcohol after treatment with norit. About 
1 gm. of colorless crystals was obtained, m.p., 137—138°; [a],, 
—33.16°. These values are similar to those observed with the 
sterols prepared from linseed oil, and evidently linseed meal does 
not contain any appreciable quantity of dihydrositosterol. 
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Dihydrositosterol from Rice Bran Fat. 


Rice bran, 18 kilos, was extracted in the manner described 
above, giving 1800 gm. of crude fat which after saponification and 
extraction with ether yielded 95 gm. of unsaponifiable matter, 
The substance was a brown viscous oil from which 9 gm. of crystal- 
line sterols -vere obtained with difficulty, using acetone and 
alcohol as solvents. This sterol had a rotation of —27.67° and 
after 5 further recrystallizations the top fraction weighed 3 gm., 
[a],, —22.94°. The substance was dissolved in carbon tetra- 
chloride and the solution was treated with acetic anhydride and 
sulfuric acid several times until the unsaturated sterols were 
removed. The solvent was distilled and the residue was boiled 
with alcoholic potassium hydroxide. The solution was diluted 
with water, extracted with ether, and the ether was distilled. 
The residue was treated with norit and recrystallized several times 
from alcohol. The substance separated in colorless hexagonal 
plates, m.p., 144-145°; [a],, +23.90°. 

The substance was dried for analysis at 105° in a vacuum over 
phosphorus pentoxide. The loss in weight on drying was 4.57 
per cent, which corresponds to 1 molecule of water of crystal- 
lization. 

0.0564 gm. substance: 0.0617 gm. H.O and 0.1717 gm. COs. 


Calculated for C2;Hy;OH (388). > 83.50, H 12.37 per cent. 
Found. C 83.03, H 12.24 per cent. 


The properties and composition of the substance indicate that 
it was dihydrositosterol. The quantity of pure substance obtained 
was only 0.1 gm. or about 1 per cent of the crystalline sterols but 
a larger proportion must have been present in the unsaponifiable 
matter because considerable losses are bound to occur in the isola- 
tion and purification. 


Dihydrositosterol from Corn Oil. 


Refined corn oil,! 10 kilos, was saponified and the unsaponifiable 
matter was isolated as described above and recrystallized from 
alcohol. After eighteen recrystallizations the top fraction weighed 
19.7 gm., m.p., 139-140°; [a],, —17.45°. Dihydrositosterol was 


1 Supplied by the Patent Cereals Company, Geneva, N. Y. 
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isolated by the method described above. Owing to the large 
percentage of unsaturated sterols that were present repeated 
treatments with acetic anhydride and sulfuric acid were necessary 
and in the subsequent washing with water very stable emulsions 
were formed which undoubtedly occasioned serious losses of the 
saturated sterol. From 5 gm. of the top fraction only 0.25 gm. 
of pure dihydrositosterol was obtained. The balance of the top 
fraction was recrystallized many times and finally acetylated. 
The acetyl derivative was dissolved in carbon tetrachloride and 
the solution was treated with acetic anhydride and sulfuric acid 
when 1.4 gm. of pure dihydrositosterol were obtained. Cal- 
culated from the rotation (16), which was —17.45°, the top frac- 
tion should have contained about 6 gm. of dihydrositosterol. 

The pure dihydrositosterol obtained as mentioned above crystal- 
lized in large colorless hexagonal plates. It melted at 143-144°, 
solidified at 140°, and remelted at 144—145°; [a],, +23.81°. 

The substance was dried for analysis at 105° in a vacuum over 
phosphorus pentoxide. The loss in weight was 4.54 and 4.60 
per cent which corresponds to 1 molecule of water of crystallization. 


0.1094 gm. substance: 0.1238 gm. H,O and 0.3349 gm. CO. 
Calculated for C2;H,,OH (388). C 83.50, H 12.37 per cent. 
Found. C 83.49, H 12.66 per cent. 


Dihydrositosterol from Wheat Germ Oil. 


The wheat germ? used in this work appeared to be as pure as 
this material can be obtained commercially. Microscopic exam- 
ination revealed some particles of bran and also a small amount 
ofstarch. From 44 kilos of germ nearly 4 kilos of oil were obtained 
by extraction with ether containing 10 per cent of alcohol. The 
oil was saponified and the unsaponifiable matter was isolated as 
described above. The substance was recrystallized thirty-six 
times from alcohol and the top fraction then weighed 3.1 gm. 
It melted between 130-133°; [a],, —3.18°. This material was 
acetylated and the acetyl derivative was dissolved in carbon tetra- 
chloride and treated with acetic anhydride and sulfuric acid. It 
was necessary to repeat this treatment eight times, using 10 cc. 
each. of the reagents, before the Liebermann-Burchard reaction 


? Supplied by the Pillsbury Flour Mills Company, Buffalo, N. Y. 
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was negative. The solvent was then washed with water, evap. 
orated, and the residue was saponified with alcoholic potassium 
hydroxide. The sterol was precipitated by adding water, filtered, 
washed with water, and dried. It was dissolved in alcohol, 
treated with norit, and recrystallized four times. The colorless 
plates that were obtained weighed 0.44 gm., m.p., 143-144°: 
fa], +22.20°. 

When the substance was dried at 105° in a vacuum over phos- 
phorus pentoxide the loss in weight was 3.25 per cent which is 


somewhat lower than the calculated value for 1 molecule of water 
of crystallization. 


0.1128 gm. substance: 0.1286 gm. H,0 and 0.3436 gm. COs. 
Calculated for C2;H,;OH (388). C 83.50, H 12.37 per cent. 
Found. C 83.07, H 12.75 per cent. 


Another lot of unsaponifiable matter prepared from wheat germ 
fat was also examined for dihydrositosterol. The material con- 
‘sisted of 100 gm. of crude crystalline sterols obtained as a by 
product by Evans and Burr in their preparation of vitamin E. 
The substance which was slightly yellow was boiled with alcoholic 
potassium hydroxide for 2 hours. The sterols were isolated in 
the usual manner by extraction with ether and recrystallization 
from alcohol. The top fraction weighed 23.3 gm. after the sub- 
stance had been recrystallized fifteen times. It melted at 138- 
139°; [a],, —18.45°. Attempts to isolate dihydrositosterol after 
this product had been treated in carbon tetrachloride solution with 
acetic anhydride and sulfuric acid were not very successful. Re 
peated treatments with the reagents were necessary before a color- 
less solution was obtained and as a result nearly all of the dissolved 
sterols disappeared. The saturated sterol evidently formed a 
sulfate in the above reaction which either separated in the acid 
layers together with the unsaturated sterol compounds or else 
it was lost in washing the carbon tetrachloride solution with water. 

The balance of the top fraction, which now weighed 15.3 gm., 
was again recrystallized ten times in order to remove the ut 
saturated sterol as much as possible. The substance weighed 3.6 
gm., m.p., 138°; and it was optically inactive. It was acetylated 
and the acetyl derivative was treated in carbon tetrachloride 
solution with acetic anhydride and sulfuric acid as described above. 
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After the solvent had been washed with water it was distilled 
and the residue was saponified with alcoholic potassium hydroxide. 
The sterol was isolated and recrystallized as described before. 
It weighed 1.6 gm. and crystallized in colorless hexagonal plates. 
In the Liebermann-Burchard reaction it gave no immediate 
coloration but after standing for some time a faint green color 
developed. The substance melted at 143-144°, solidified at 
138-139°, and remelted at 144°; [a],, +23.61°. 

For analysis the substance was dried at 105° in a vacuum over 
phosphorus pentoxide. It lost 4.79 per cent which corresponds 
to 1 molecule of water of crystallization. 


0.1095 gm. substance: 0.1234 gm. HO and 0.3343 gm. CO,. 
Calculated for C.7H,,OH (388). C 83.50, H 12.37 per cent. 
Found. C 83.26, H 12.61 per cent. 


Preparation of the Acetyl Derivative. 


The acetyl derivative was prepared by boiling 0.6 gm. of the 
sterol with 10 ec. of acetic anhydride for 1 hour. After the solu- 
tion had cooled the crystals were filtered and washed with methyl 
alcohol. It was recrystallized from ethyl aleohol from which it 
separated in large colorless plates. The substance melted at 
141°, solidified at 134°, and remelted at 141°; [a],, +12.72°. 
There was no loss in weight on drying at 105°. 


0.1108 gm. substance: 0.1181 gm. H.O and 0.3283 gm. CO,. 
Calculated for C2;H;,O-CO-CH; (430). C 80.93, H 11.62 per cent. 
Found. C 80.81, H 11.92 per cent. 


It is evident from the data that have been presented that the 
crystalline sterols that were examined contained not less than 1.6 
per cent of dihydrositosterol. The amount of saturated sterol 
actually present in the above preparation must have been greater 
than that indicated because considerable losses occur during the 
isolation. 


In conclusion the authors desire to express their appreciation 
to Dr. G. O. Burr of the University of California, for a generous 
supply of crude wheat germ sterols. 











398 Dihydrositosterol in Plant Fats 


SUMMARY. 


1. The saturated sterol, dihydrositosterol, C27H4;OH, is ap. 
parently rather widely distributed in plant fats. 

2. It occurs in association with unsaturated sterols, not only 
in the endosperm and bran of corn and wheat, but also in the oils 
obtained from the germ of these grains. 

3. Appreciable quantities of the substance have been isolated 
from corn gluten, corn bran, wheat bran, rice bran, corn oil, and 
wheat germ oil. 

4. The dihydrositosterol preparations that have been obtained 
from different sources show slight variations in physical properties, 
The melting points vary from 141-142° to 145-146° and the spe- 
cific optical rotations vary from about +23° to +25°. The acetyl 
derivatives vary in melting points from 137—141° and in optical 
rotation from about +13° to +14°. Whether these variations 
in properties depend upon the degree of purity or if they are due 
to the presence of isomeric saturated sterols, cannot be determined 
from the present data 
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THE REDUCTION PRODUCTS OF CERTAIN PLANT 
STEROLS. 


By R,. J. ANDERSON anp R. L. SHRINER. 


(From the Biochemical Laboratory, New York Agricultural Experiment 
Station, Geneva.) 


(Received for publication, November 12, 1926.) 
INTRODUCTION, 


It was first shown by Willstitter and Meyer (1) that the normal 
saturated sterol, 8-cholestanol, was formed when cholesterol in 
ethereal solution was reduced with hydrogen in the presence of 
platinum black. Since that time a number of experiments has 
been reported in which plant sterols have been reduced with hy- 
drogen in the presence of a catalyst but only a few reduction prod- 
ucts of apparently normal phytosterols having one double bond 
have been described. The first experiments in this direction were 
reported by Menozzi and Moreschi (2) who reduced a phytosterol 
preparation isolated from walnut oil. Windaus and Rahlen (3) 
reduced sitosterol obtained from Calabar beans with hydrogen 
and colloidal palladium. Anderson and Nabenhauer (4) followed 
the method of Willstiatter and Meyer (1) but used the catalyst de- 
scribed by Voorhees and Adams (5) in reducing a phytosterol pre- 
pared from wheat bran. All of the reduced plant sterols pre- 
pared by the investigators mentioned above varied in properties 
as is shown in Table I. 

The variations in properties might have been due to incomplete 
reduction but this cause must be ruled out since it was stated in 
every case that the usual sterol color reactions were negative. 
Another important factor influencing the properties of the re- 
duction product would be the purity or homogeneity of the sterols 
that were used in these experiments. 

In the search for a pure and homogeneous sitosterol which has 
been carried on in this laboratory during the past 2 years, a con- 
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siderable number of sterol fractions has been reduced. These 
reduction products have been briefly referred to in other pub- 
lications (6) but since the results might be of interest to other 
workers a fuiler description is presented in this paper. ; 

It has been indicated in a previous publication (7) that the 
natural dihydrositosterol isolated from various plant fats varied 
slightly in physical properties and that it was uncertain whether 
the observed variations were due to differences in purity or to the 
occurrence of isomeric compounds. In the work on the sterols 
isolated from corn oil (8) and wheat germ oil (9) it was shown that 
the sitosterol fraction consisted of at least three isomeric sterols 
which were designated a-, 8-, and y-sitosterol. The only one of 
these isomers for which any claim to purity could be made was 
7-sitosterol. 

TABLE L. 

Properties of Dihydrophytosterols. 








_ 
le], in CHCls. | Acetate, m.p. 











Authors | M.p. 
°C. | °C, 
Menozzi and Moreschi.............. | 136-137 +22 .97° 134-135 
Windaus “ Rahlen............. 137 +27.90° | 132 
Anderson and Nabenhauer.........| 142-143 


+24.16° 


138-139 


} 





The a and 8 fractions were obviously mixtures that could not 
be separated by any method available at present. The substance 
designated a-sitosterol contained a relatively large amount of 
B- but only a small quantity of y-sitosterol. The 6 fraction was 
free from a- but contained a small amount of y-sitosterol. It 
is interesting therefore that the a- and 6-sitosterol fractions, which 
were not homogeneous, gave reduction products that were 
apparently identical and that were very similar to the natural 
dihydrositosterol. The dihydro-y-sitosterol, however, differed 
decidedly from these preparations in optical rotation. 

Unless other investigators have been more fortunate in securing 
homogeneous preparations of sitosterol, it is likely that many of 
the compounds that have been described have been mixtures. 
Perhaps the only reasonably pure reduced plant sterols obtained 
so far are stigmastanol (10) and y-sitastanol. 
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EXPERIMENTAL PART. 


The platinum catalyst used in all of these experiments had been 
prepared according to the method of Voorhees and Adams (5). 
The apparatus was similar to that already described (4). 

n-Butyl alcohol is a good solvent for sterols but it is not suitable 
in reduction experiments because certain impurities, that appar- 
ently cannot be removed, destroy the catalyst. The unsaturated 
sterol was dissolved in ether or alcohol or in mixtures of these 
solvents but occasionally glacial acetic acid was used. The solu- 
tion was mixed with 0.2 or 0.3 gm. of the catalyst; the apparatus 
was evacuated and hydrogen was introduced to a pressure of 15 to 
290 mm. of mercury. The mixture was shaken while more hydro- 
gen was added from time to time, maintaining the above mentioned 








pressure. 
TABLE II. 
Properties of Unsaturated Sterols before Reduction. 

Name and source of sterol. | M.p. le], 
bh ae > °° SS <a ee ; ir 
INI oasis cisnvesd isi cess ccumns | 135-136 | —13.45° 

‘ wheat germ oil.................... | 138-141 | —23.41° 
A, BN OB aiinkcncie cscs vncsesvenses | 139-140 —36.11° 
. ae ee ee 140 —35.06° 
INN, WRI occ sec ac dcoub es nsnvcces | 145-146 —42.43° 
ss WN ME GIL. 5 0 sisi ss cess ccecess | 146-147 —41.32° 
“ “ “ ce 


147-148 —42.47° 


The reduction was continued in every case until a sample, 
obtained by evaporating a portion of the solution, failed to give 
any immediate coloration in the Liebermann-Burchard reaction. 
The mixture was then shaken with air until the catalyst separated. 
The solution was filtered, concentrated by distillation, and the re- 
duction product was recrystallized from alcohol. 

The reduced sterols were all very similar in appearance and 
they were much less soluble in the usual solvents then the un- 
saturated compounds. They crystallized from alcohol in colorless 
plates that contained 1 molecule of water of crystallization. In 
the Liebermann-Burchard reaction no immediate coloration was 
obtained but when the reaction mixture was allowed to stand at 
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room temperature a faint green color developed in the course of 
5 or 10 minutes. 

s- and y-sitosterol were easily reduced as a rule but a-sito- 
sterol was reduced much more slowly, repeated treatments with 
fresh portions of catalyst being necessary before the Liebermann- 
Burchard reaction became negative. 

The properties of the unsaturated sterols that were used in the 
reduction experiments are given in Table IT. 

The preparations described in Table II were reduced and the re- 
duction products were isolated and recrystallized as described 
above. The reduced sterols when dried at 105° in a vacuum over 
phosphorus pentoxide lost weight corresponding to 1 molecule of 
water of crystallization. The results are summarized in Table III. 

An inspection of the data in Table III shows that a- and £-sito- 
sterol, 7.e. the bottom and intermediate fractions obtained on 
fractionation of the acetyl derivative, although varying greatly in 
properties yield practically identical reduction products. The 
sterols melt at about 140° and the rotation is about +24°, while 
the acetyl derivatives melt at about 137-138° and the rotation 
is about +14°. 

Although y-sitostanol melts several degrees higher than a- and 
8-sitostanol yet there is no depression of the melting point when 
mixtures of these substances are heated. The principal difference 
between these compounds is the lower dextrorotation of y-sito- 
stanol. 


SUMMARY. 


1. Three isomeric sitosterol preparations have been reduced 
with hydrogen in the presence of platinum black. 

2. a- and #-sitosterols yield apparently identical a- and £-sito- 
stanols, C:7H,OH + H:20, m.p., about 140°; [a],, about +24°. 
The acetyl derivatives melt at about 137—138°; [a],, about +14°. 

3. The reduction product of y-sitosterol is different from a- and 
8-sitostanols. y-Sitostanol, C27H,,OH + H,0, melts at about 144- 
145°; [a],, about +18°. The acetyl derivative melts at about 
143-144°: [a],, about +9° to +10°. 
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PROPERTIES OF CHOLESTEROL OBTAINED FROM 
DIFFERENT SOURCES. 


By R. J. ANDERSON. 


(From the Biochemical Laboratory, New York Agricultural Experiment 
Station, Geneva.) 


(Received for publication, November 12, 1926.) 
INTRODUCTION, 


The question of the origin of cholesterol has not been settled. 
Unicellular organisms are apparently capable of synthesizing 
sterols as well as other cell constituents from simpler organic 
compounds. In the case of animals it is believed that they uti- 
lize plant sterols (1) and that in some manner somewhere in the 
body phytosterol is changed to the isomeric compound, cholesterol, 
which only varies from the former in physical properties. Experi- 
mental evidence has also been presented (2) which indicates that 
cholesterol may be synthesized in the animal body. 

It would seem, however, from recent work on plant sterols (3) 
that more far reaching molecular rearrangements must be neces- 
sary in order that phytosterols may be changed into cholesterol 
than has been supposed heretofore. To consider only one plant 
fat, for instance that from corn germ (4), it has been found that 
the crystalline sterol isolated from it is a complex mixture con- 
sisting of the saturated dihydrositosterol, the unsaturated stig- 
masterol with two double bonds, and at least three isomeric 
sitosterols with one double bond each. That these different 
phytosterols, which vary not only in physical properties but also 
in composition, could all be changed into one single cholesterol 
does not seem likely. It may be necessary therefore to reckon 
with the possibility of a number of isomeric cholesterols in animal 
fats. 

In connection with the investigation conducted by Bloor (5) 
on the fatty acids of the plasma of beef and dog blood, considerable 
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quantities of unsaponifiable material were obtained. These con- 
stituents were kindly given us by Dr. Bloor for examination. 

A decided difference in the physical appearance of the crude 
material obtained from beef and dog plasma was noticed, and 
even the purified cholesterols showed slight differences in melting 
points and in optical rotation. The substance from beef plasma 
consisted almost entirely of crystalline cholesterol which after it 
had been purified appeared to be homogeneous. Although the 
animals had received only plant sterols in their food, there was no 
evidence of the presence of phytosterols in the blood plasma. The 
transformation of phytosterols into cholesterol, if it occurs, must 
therefore take place very quickly. 

The unsaponifiable matter from the plasma of dog blood con- 
tained some 40 per cent of non-crystalline semisolid material that 
could not be eliminated from the cholesterol by crystallization 
from alcohol. Precipitation with digitonin did not lead to a pure 
cholesterol because a part of the non-crystalline substance was 
also precipitated. Pure cholesterol could only be obtained by 
means of the dibromo- compound. 

The fact that a cholesterol preparation appears to be homogene- 
ous, 7.e. recrystallization causes no change in the properties, is no 
absolute proof of the purity. Closely allied sterols may differ so 
slightly in solubility that recrystallization causes no perceptible 
separation. It has been shown that a mixture of isomeric sito- 
sterols (6) may be recrystallized at least ten times without show- 
ing any notable change in properties. 

In order to determine whether different cholesterol preparations 
are homogeneous it will be necessary to prepare cholesterol esters 
of various acids or some other derivatives of cholesterol and frac- 
tionally recrystallize these compounds, and to compare the proper- 
ties of the different fractions. As a beginning in this direction we 
have subjected cholesterol acetate to fractional crystallization 
from ethyl aleohol. The results indicate that commercial cho- 
lesterol contains a small amount of some substance which causes a 
decided lowering of the melting point and of the optical rotation of 
the bottom fraction. More experimental work will be necessary 
before one can determine whether the depression of the melting 
point and optical rotation is due to the presence of an accidental im- 
purity or if it is due to some compound isomeric with cholesterol. 
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EXPERIMENTAL PART. 
Cholesterol from Beef Plasma. 


The crude unsaponifiable matter was supplied by Dr. W. R. 
Bloor and was obtained as a by product from his work on the 
Fatty Acids of Blood Plasma (5). It had been prepared as fol- 
lows: The plasma was digested in about 20 per cent sodium hy- 
droxide at 90°C. for 8 hours, after which the mixture was cooled, 
acidified with hydrochloric acid, and the lipid material was ex- 
tracted with ether. The fatty acids were separated from the 
unsaponifiable matter by first dissolving the mixture in petroleum 
ether and then adding successively equal volumes of alcoholic 
potassium hydroxide and of water. The fatty acids dissolved in 


TABLE I, 
Properties of Different Fractions of Cholesterol from Beef Plasma. 








Fraction No. Weight. M. p.* —< h | [a]pt 
nee gm. | °C. . : 
1 15.5 149 118 —39 52° 
2 6.2 149 118 —39.40° 
3 1.1 149 116 —39.71° 








* All melting points given in this paper are corrected. 
+ All optical rotations were determined in chloroform solution and with 


sodium light. 


the alkaline aleohol and water while the unsaponifiable substance 
remained in the petroleum ether. After a second extraction with 
petroleum ether the combined extracts were washed with water, 
the solvent distilled off, and the residue was dried. 

The crude cholesterol, which weighed 25 gm., was yellow in 
color and consisted of large irregular plate-shaped crystals. The 
material was dissolved in 700 cc. of hot alcohol, boiled with norit, 
and filtered. As the solution cooled the cholesterol separated in 
very large, thin, colorless plates that filtered very slowly on a 
Buchner funnel. The substance was recrystallized three times, 
using about 600 ce. of alcohol for each crystallization. When the 
solution was cooled rapidly the cholesterol crystallized in small 
uniform plates. After drying at 60°C. the crystals weighed 15.5 
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gm. ‘This is designated Fraction 1 in Table I. Fraction 2 was 
obtained by concentrating the above mentioned mother liquor 
and recrystallizing the substance four times. Fraction 3 was 
obtained on concentrating the last mother liquors and reerystal- 
lizing the product nine times until a colorless preparation resulted, 
The properties of these fractions are shown in Table I. 

Fraction 1 was analyzed after it had been dried at 105°C. jp 
@ vacuum over phosphorus pentoxide. 


Analysis. 

0.1505 gm. substance: 0.1604 gm. H.O and 0.4622 gm. CO,. 
Calculated for C2;H,;OH (386). C 83.93, H 11.91 per cent. 
Found. C 83.75, H 11.92 per cent. 


The properties of the three fractions described in Table I were 
practically identical and the composition agreed with the usual 
formula for cholesterol. 

TABLE II. 

Optical Rotation of Cholesterol and Cholesteryl Acetate in Chloroform 

and Ether. 




















Cholesterol. Cholestery] acetate. 
[@]p in CHCl. | [a] in ether, [a]p in CHCl. [a] in ether, 
| - — ee — 
—39.52° |-31 46° —31.60° —43.11° —30.90° —30.54° 





Acetyl Derivative. 


The acetyl derivative was prepared by boiling 4 gm. of Fraction 
1 with 30 cc. of acetic anhydride for 1.5 hours. After cooling, the 
crystals were filtered off, washed with cold methyl! alcohol, and 
recrystallized three times from ethyl alcohol. The substance 
separated in fine colorless needles which after drying in the air 
weighed 3.7 gm. It melted at 116° and on cooling a fine display 
of colors was observed. The rotation was —43.11°. 


Variation in Optical Rotation in Different Solvents. 


The optical rotation of cholesterol and of cholesteryl acetate 
varies greatly with the solvent. A comparison of the optical 
activity in chloroform and ether is given in Table II. 



















Th 


2 was 
liquor 
3 was 
‘ystal- 
ulted, 


°C. in 


were 
usual 


rm 


tion 
the 
and 
nce 
air 
lay 


ate 
cal 





R. J. Anderson 411 


The levorotation is depressed in ethereal solution and the intro- 
duction of the negative acetyl group which causes an increase in 
levorotation in chloroform gives a lower value in ether than does 
free cholesterol. 


Reduction of Cholesterol. 


8-Cholestanol has been prepared and studied by several investi- 
gators, having first been described by Diels and Abderhalden 
(7). It was first shown by Willstatter and Meyer (8) that the 
same substance was formed when cholesterol was reduced by 
hydrogen in the presence of platinum black. §-Cholestanol has 
since that time been prepared by a number of investigators (9) 
and the melting point is usually given as 141—142° while the re- 
corded rotations vary from +23° to +34?°. 

The cholesterol, 5 gm. of Fraction 1, was reduced with hydrogen 
and platinum oxide as described for sitosterol (10). The 8-cho- 
lestanol was recrystallized several times from alcohol from which 
it separated in large colorless plates containing 1 molecule of water 
of crystallization. In the Liebermann-Burchard reaction no 
immediate coloration was given but after the reaction mixture had 
stood for some time a faint bluish color developed. The substance 
melted at 143°. The rotation was determined in chloroform and in 
ether with the following results: 


In chloroform solution, [a]p, +23.56°, +23.45°. 
In ethereal solution, [a]p, +27.07°, +27.06°. 


Acetyl Derivative of B-Cholestanol. 


The acetyl derivative was prepared and twice recrystallized 
from alcohol. It melted at 111° and the rotation in chloroform 
solution was +13.27°. 


Examination of Unsaponifiable Matter from Normal Dog Blood 
Plasma. 


The crude material was supplied by Dr. W. R. Bloor and it had 
been obtained in a similar way to that from beef blood plasma. 
The substance, which weighed 16.3 gm., was a yellow crystalline 
solid that obviously contained much oily material. It possessed a 
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slight but peculiarly unpleasant odor. The substance was dis- 
solved in 400 ec. of hot alcohol and treated twice with norit, which 
did not remove much of the coloring matter. After six recrystal- 
lizations the top fraction was snow-white, but the crystals were not 
homogeneous; two forms of crystals were evident, viz. colorless 
plates that somewhat resembled cholesterol and also branching 
fern-like crystals. The substance weighed 1.9 gm., m.p., 143- 
144°. 

The yellow colored mother liquors from the above mentioned 
crystallizations now contained most of the original material in 
solution. It was again treated with norit, filtered, and concen- 
trated to about 600 cc. On standing at room temperature 4 gm. of 
colorless plate-shaped crystals separated, m.p., 151—152°. The 
filtrate was concentrated to about 200 cc. and allowed to cool when 
6 gm. of slightly yellow crystals were collected, m.p., 149--150°. 

The last mother liquor deposited, on standing for several days, 
about 50 mg. of yellow octahedral crystals that were identified as 
sulfur. After the above mentioned crystals had been filtered off, 
the filtrate was evaporated to dryness when a yellow wax-like 
material of unpleasant odor remained. 

The appearance of the various crystalline fractions, obtained as 
described above, together with the variations in melting point 
indicated that the material was very impure and it seemed to be 
impossible to obtain any pure cholesterol by crystallization. An 
attempt was therefore made to precipitate the cholesterol from 
the mixture by means of digitonin according to the method of 
Windaus (11). Portions of 4.5 gm. of the impure cholesterol 
were dissolved in 400 cc. of hot aleohol and mixed with a solution 
containing 15 gm. of digitonin in 1500 ce. of boiling aleohol. Fine 
colorless flakes or plate-shaped crystals began to separate at once 
and the mixture, after cooling, was allowed to stand in the ice 
box overnight. The crystalline precipitate was filtered off, 
washed thoroughly with alcohol and ether, and dried in a vacuum 
desiccator over sulfuric acid. The dry digitonide was extracted 
with boiling xylene as described by Windaus (12). The digitonin 
recovered in this manner was used over again until all of the crude 
cholesterol had been precipitated. 
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Examination of Material Not Precipitated by Digitonin. 


The alcoholic mother liquors from the digitonide were evaporated 
to dryness under reduced pressure. The residue was extracted 
with ether; the ethereal solution was filtered and the ether was 
distilled. The residue was a yellow oil of unpleasant odor which 
on standing at room temperature gradually deposited a few octa- 
hedral crystals; a part separated as long thin flakes and the whole 
formed a semisolid mass that weighed 3 gm. It is evident there- 
fore that about 18 per cent of the original unsaponifiable matter 
was not precipitated by digitonin. The material was treated 
with 60 cc. of hot aleohol which dissolved everything except the 
yellow octahedral crystals. The latter were identified as sulfur. 
The clear alcoholic solution was allowed to cool when a part of the 
dissolved substance separated as an oily layer on the bottom of the 
flask. The solution was decanted and evaporated to dryness when 
a yellow oil was obtained. It was impossible to secure any crystals 
from either of the above mentioned fractions. Both substances 
gave the Liebermann-Burchard reaction in the same manner as 
pure cholesterol and in chloroform solution bromine was absorbed. 
It is probable therefore that the material was closely related to 
cholesterol although it was not precipitated by digitonin. 

The substance was reduced with hydrogen and platinum oxide 
as described for cholesterol. A considerable amount of hydrogen 
was absorbed but the reduction product, on evaporation of the 
solvent, formed a yellow oil that solidified on standing to a thick 
gummy mass that could not be crystallized from any of the usual 
organic solvents. In the Liebermann-Burchard reaction it gave 
a slight greenish yellow fluorescent coloration. 


Examination of the Cholesterol that Had Been Precipitated with 
Digitonin. 


The cholesterol which remained in the xylene, after decomposing 
the digitonide, was obtained by distilling the solvent under re- 
duced pressure and after the last traces of xylene had been removed 
by distillation with steam. After the solution had cooled the 
cholesterol was filtered off, washed with water, and dried in a 
vacuum desiccator over sulfuric acid. The material was a slightly 
sticky solid that weighed 13.3 gm. The substance was therefore 
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recovered quantitatively. It was dissolved in 180 cc. of hot aleo- 
hol, treated with norit, and recrystallized from alcohol when 5,1 
gm. of ball-shaped aggregates of thick plates were obtained that 
did not resemble cholesterol crystals. The substance sintered at 
146° and melted at 149°. A second fraction of impure cholesterol 
weighing 4.1 gm. was obtained by concentrating the mother 
liquors. 

After the last mentioned crystals had been filtered off, the filtrate 
was evaporated to dryness. The residue which weighed 3 gm. 
was a yellow wax-like material. This residue which showed no 
tendency to crystallize evidently did not contain very much 
cholesterol because when brominated by the method of Windaus 
and Hauth (13) no crystals of cholesterol dibromide were obtained. 
The original unsaponifiable matter contained therefore 6 gm. or 
about 37 per cent of non-crystalline material, the nature of which is 
unknown. 


Purification of Cholesterol by means of the Dibromide. 


The results described above indicate that the unsaponifiable 
matter obtained from the plasma of normal dog blood contains 
several substances in addition to cholesterol. A part of this 
material did not react with digitonin while a portion of non- 
crystalline substance was precipitated with this reagent along with 
cholesterol. 

Since it appeared to be impossible to secure any pure cholesterol 
by crystallization, the two fractions of impure crystals described 
above were united and brominated by the method of Windaus and 
Hauth (13). The bromination mixture contained an excess of 
bromine but no hydrobromic acid could be detected. The cho- 
lesterol dibromide began to crystallize immediately in colorless 
needles. After the solution had stood in a freezing mixture for 
some time the crystals were filtered off, washed with glacial acetic 
acid, and finally with water. The snow-white substance, after 
it had been dried in a vacuum desiccator over sulfuric acid, weighed 
8.4 gm. When heated in a capillary tube, it softened at 118° 
and melted to a brown liquid at 122°. The rotation in chloro- 
form solution was —43.53°. 

The substance was debrominated by boiling its alcoholic solu- 
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tion with zine dust and acetic acid and the reaction product was 
recrystallized five times from aleohol. The snow-white plates 
had the characteristic form of cholesterol crystals and after drying 
in the air weighed 3.2 gm. The substance melted at 150-151° 
and the melt solidified at 119°; [a],, —38.11°. From the mother 
liquors a second fraction of cholesterol was obtained which melted 
at 150-151°; [a],, —38.22°. This cholesterol preparation had a 
slightly higher melting point but the rotation was about 1° lower 
than the cholesterol isolated from beef blood plasma. 

The acetyl derivative was prepared and it was twice recrystal- 
lized from alcohol. It separated in burr-shaped aggregates of 
colorless needles, m.p. 115°; [a],, —42.56°. 


Examination of Commercial Cholesterol. 


Cholesterol! of unknown origin was used in these experiments. 
Analcoholic solution containing 100 gm. of cholesterol and 30 gm. of 
potassium hydroxide was refluxed for 2 hours. One half of the 
alcohol was distilled off and the cholesterol was precipitated by 
adding water. The mixture was extracted with ether and the 
ethereal solution, after washing four times with water, was dried 
with sodium sulfate and filtered. The filtrate, which was yellowish 
in color and not quite clear, was shaken with norit and filtered 
when a colorless solution was obtained. The ether was distilled 
leaving a snow-white residue which was recrystallized from 700 
ce. of alcohol when colorless plates characteristic of cholesterol 
crystals were obtained. The mother liquor was concentrated and 
the material that separated was recrystallized from alcohol, giv- 
ing colorless plates that appeared to be identical with the first lot. 
The properties of the two fractions were practically identical as 
shown in Table III. 


Acetyl Derivative. 


The acetyl derivative was prepared by boiling 50 gm. of the 
purified cholesterol with 200 cc. of acetic anhydride for 1 hour. 
After cooling, the crystals were filtered off and washed with cold 
methyl aleohol. The snow-white product was recrystallized from 


‘ Purchased from Eastman Kodak Company. 
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alcohol when small colorless needles were obtained. The suyb- 
stance melted at 116—117°, solidified at 108°; [a],, —43.65°. 

This preparation was recrystallized ten times and separated into 
four fractions. The first two mother liquors were concentrated, 
yielding Fraction 4; the next three mother liquors gave Fraction 
3, while Fraction 2 was obtained by concentrating the last five 
mother liquors. The properties of these fractions are shown in 
Table IV. 

The top fraction was identical in properties with the original 
acetyl derivative but the other fractions showed slightly lower 
rotations and melting points. 

TABLE III. 
Properties of Purified Cholesterol. 


M. p. | Solidifying point. | — [alpinCHCh. |. taitsation, 
= Sc. per cent 
150-151 120 —39.72° 5.33 
150-151 116 | —39.63° 5.24 
TABLE IV. 


Fractionation of Cholesteryl Acetate. 


Fraction No. | Weight. M.p. | [@]p in CHCl. 
es Bs . ial — eS 
| gm, . | 
1 32.7 | 116 |}  —43.59° 
2 10.0 115-116 —43 39° 
3 4.4 115-116 —42 92° 
+ 5.0 | 114-116 | —42 62° 





Fraction 4 which possessed the lowest melting point and rotation 
was again twice recrystallized from alcohol and separated into 
two fractions. The bottom fraction was obtained by concentrat- 
ing the mother liquors. It crystallized in colorless needles and 
melted at 111—112°. The rotation in chloroform solution was 
—41.12°. 

The results indicate a marked difference in the properties 
between the top fraction in Table IV and the last bottom fraction. 
The variation in melting point and rotation must be due to some 
substance having a lower rotation than ordinary cholesterol. 
It is evident, however, that only a small amount of this substance 
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could have been present. In order to determine the nature of the 
contaminating substance it will be necessary to fractionate larger 
quantities of cholesterol. It is not improbable that some deriva- 
tive other than the acetate and that a solvent better than alcohol 
could be found that would cause a more effective separation, but 
lack of time has prevented further investigation along these lines. 


In conclusion the author takes pleasure in acknowledging his 
indebtedness to Dr. W. R. Bloor of the University of Rochester, 
for generously supplying crude cholesterol. 


SUMMARY. 


Attention is called to the fact that cholesterol preparations 
obtained from different sources show slight differences in physical 
properties. 

When apparently pure cholesteryl acetate is fractionally recrys- 
tallized from ethyl] alcohol, it is possible to separate a bottom frac- 
tion that possesses a much lower melting point and a lower optical 


rotation than the top fraction. 
If cholesterol is formed from plant sterols a number of different 


as well as isomeric cholesterols might be expected to occur in 
animal fats corresponding to the various phytosterols contained in 
the plant material which serves as food. 
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A NOTE ON THE NATURE OF THE PICRATE OBTAINED 
FROM NORMAL URINE BY THE METHOD 
OF FINDLAY AND SHARPE. 


By F. D. WHITE. 


(From the Department of Biochemistry, Faculty of Medicine, University of 
Manitoba, Winnipeg, Canada.) 


(Received for publication, October 15, 1926.) 


As the preliminary step to a study on the metabolism of guani- 
dine and its derivatives, it has become necessary to investigate the 
possible urinary excretion of the guanidine bases. Based on the 
publications of Kutscher, Achelis, Engeland, Smorodinzev, and 
others, text-books now state that methylguanidine, accompanied 
by asymmetric dimethylguanidine, is a normal constituent of 
blood, muscular tissue, and urine. The truth of this statement 
cannot be unreservedly accepted, since the work of Ewins (1) 
and Baumann and Ingvaldsen (2) has thrown doubt on the 
methods used for the isolation of these bases. These methods, 
or slight modifications of them, were also used by Koch (3, 4) and by 
Paton and Findlay (5, 6) and Burns and Sharpe (7) in the work 
which led to the theory advanced by Paton connecting the guanidine 
bases with the function of the parathyroids. In 1920 Findlay and 
Sharpe (8) elaborated a procedure free from the objections ad- 
vanced to the previous methods, and this, since slightly modified 
by Sharpe (9) on account of Greenwald’s criticism (10), has been 
used in all subsequent investigations by Paton and his collab- 
orators. It has also been applied by Major (11, 12) to normal and 
various pathological urines, in support of his theory that essential 
hypertension is due to deficient guanidine excretion. 

As modified by Sharpe, the method consists in the treatment of 
250 ec. of urine successively with tannic acid, baryta, sulfuric acid, 
and barium carbonate, the precipitates being filtered off as pro- 
duced. The final filtrate is evaporated to a syrup, extracted with 
60 ec. of absolute alcohol, the filtered extract again evaporated, 
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and the residue extracted with 20 ce. of absolute alcohol. After 
removal of the solvent the residue is dissolved in 10 cc. of water 
and treated with 10 cc. of a saturated solution of picric acid. It js 
claimed that the picrate crystals which separate represent the 
guanidine content of the urine. 

Using this procedure, crystals of dimethylguanidine picrate 
have been reported,! the only means of identification recorded 
being the appearance, melting point, and nitrogen content. While 
the melting point figures agree with that of dimethylguanidine 
picrate which is variously recorded as 225°C. (Greenwald (10)), 
227°C. (Werner and Bell (14)), and 229-230°C. (Phillips and 
Clarke (15)), the figures for the nitrogen percentage do not show 
this agreement (Findlay and Sharpe (8), 29.4 and 28.7; Nattrass 
and Sharpe (16), 24.0; Major (12), 26.0; calculated value, 26.6), 
No attempt appears to have been made to obtain and identify the 
base itself or any other of its salts. Since this did not appear to be 
a difficult procedure, several normal urines have been treated 
according to Findlay and Sharpe’s directions, as modified by 
Sharpe, and the results are now recorded. 


EXPERIMENTAL. 


In all, four samples of normal male human urine were examined; 
one a mixed sample, and the others, the 24 hours excretions of 
three different individuals. These were all collected under toluene, 
and were worked up within 24 hours. In order to follow Sharpe's 
procedure in every particular, in the case of two urines, 250 cc. 
were taken and worked up separately from the remainder. The 
various samples were then treated as previously described except 
that in the cases of Urines B, C, and D, following the original 
procedure after addition of barium carbonate, hydrochloric acid 
was added until the liquor was acid to litmus but not to Congo red. 
This was in order to guard against the possibility of barium hy- 
droxide being present in the carbonate, and the consequent al- 
kalinity of the liquor during evaporation, tending to decomposi- 

1 In a recent communication, Paton and Sharpe (13) report an increase 
in monomethylguanidine in the blood of dogs after parathyroidectomy. 
The method used is stated to be the picrate method evolved for urine; no 
details are given, and the methylguanidine picrate is identified solely by its 
appearance and melting point. 
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tion and loss of the volatile bases. Urine Samples A, Cl, and C2, 
were evaporated on the open water bath, and the remainder, under 
diminished pressure. In all cases, picrate crystals were obtained 
of the same appearance and crystalline structure, and with melting 
points which ranged from 223-232°C. As far as microscopic ex- 
amination went, the crystals appeared to be perfectly homogeneous 
with no indication of the presence of any other picrate. After 
these were filtered off, excess picric acid was added, and in each 
case a further crop of crystals was obtained, which proved to be 
homogeneous and merely a second crop of the same picrate. The 
details are found in Table I. 























TABLE I. 
Yield of picrate. | Melting point. 
Sample. Description. | Volume. | _— ber 
j Ist crop. land crop.| Ist crop. |2nd crop 
| ce | mg. | mg. . °C, | mg. 
A Mixed. | 1450 | | | 233 | 700 
Bl) | 250 | 149 | 121 | 229 | 224) 
| 24h le. | Pe P= . Nae 1168 
po} | our sample 1310 | 525 | 7 | 225 | 227) | 
Cl | 250 | 164 | 100 230 | 229 
2} 600 396 329 231 232) 
| | 
| | 
D a4 ¢ 8 « | 870 | 547 | 448 | 224 | 228 | 995 





Although the total yield is given in Table I, this would not be 
the yield according to Sharpe’s procedure, which calls for the 
single addition of a definite amount of picric acid. Consequently, 
for purposes of comparison with some of the yields given in the 
literature, only the first crops of picrate crystals form the basis of 
calculation. These figures are shown in Table II. 


Examination of Picrate Crystals. 


The picrate on examination was found to consist of long ir- 
regular rectangular plates of a dark yellow to chocolate-brown 
color. It was recrystallized from hot water (a little charcoal 
being added to remove the urinary pigment), and was obtained 
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in the form of long needles of a golden yellow color, quite unlike the 
crystalline form of dimethylguanidine picrate. The melting points 
after recrystallization were in every case higher, the values ranging 
from 235-241°C., and the melting being invariably accompanied 




















TABLE II 
Yield of Correspond- 
Author. | Description of case. | dimethyl- ing amount 
| | guanidine, of picrate, 
mg. | mg. | mg. | mg, 
per | per | per | per 
liter | day liter | day 
White. | 
Sample B. Normal. | 430 | 674 
- C. es | 660 | 560 
D. | « | 630 | 547 
| | 
| 
Findlay and Sharp. | Tetany. 190 | 175 | 690 | 635 
90 | 83 | 327 | 301 
| 
Nattrass and Sharpe. | “ | 305* |1488 
| | | 
| } | 
Major. | ; || | 
Sample 1. | Normal. 130} | 47 
™ 100 | | 363 
“« 9. | Leukemia. | 140 | 508 
3. | Tuberculosis of hip. 186 | 75 
= 4. Essential hypertension. | 60 | 218 
| *« “ 43 | 146 
- 5. | Chronic nephritis. 200 | | 726 
ss 6. | Essential hypertension. | | | 
| Case 1t | 210 | 275 | 762 | 998 
2. | 186 | 410 | 675 (2288 
* 2 | 170 | 60 | 617 | 218 
~ 2 | 170 | 320 | 617 j1162 


* Value expressed as mg. of guanidine. 
7 Value before treatment with digitalis and diuretin. 
t Value when blood pressure reached its lowest point after treatment. 





by the evolution of gas. The total yield of picrate obtained from 
urine Sample D (see Table I) was recrystallized several times from 
water and from alcohol, and was then found to melt at 244°C., 
with further evolution of gas at about 260°C. It gave a posi- 
tive Jaffé test for creatinine. This behavior is similar to that of 
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creatinine potassium picrate, which Greenwald and Gross (17) 
reported melted at 247°C. with further evolution of gas at about 
970°C. Accordingly some creatinine potassium picrate was pre- 
pared by the addition of excess of a saturated solution of picric 
acid to an equimolecular mixture of creatinine and potassium 
chloride. After recrystallization from hot water this melted at 
245°C. with evolution of gas at about 265°C. ; mixed with the picrate 
from urine, the values were 244° and 258°C., respectively. A 
mixture of the urine picrate with that of dimethylguanidine melted 
with decomposition at 206-208°C. These indications pointed to 
creatinine potassium picrate as the substance obtained from 
urine, and this was confirmed by analysis. Picric acid was es- 
timated by the nitron method of Busch and Blume (18) ; ereatinine 
by Folin’s colorimetric procedure; and nitrogen by the micro- 
Kjeldahl method as modified for nitro compounds by Elek and 
Sobotka (19). 
24.3 mg. picrate gave 18.3 mg. picric acid, or 75.3 per cent. 
a3 * ‘i contained 2.12 mg. creatinine, or 18.9 per cent. 
8.0 “ - gave 1.67 mg. nitrogen, or 20.9 per cent. 

Calculated for creatinine picrate: picric acid, 67.0 per cent; creatinine, 
33.0 per cent; nitrogen, 24.6 per cent. 

Calculated for creatinine potassium picrate: picric acid, 75.2 per cent; 
creatinine, 18.7 per cent; nitrogen, 20.7 per cent. 


The filtrate from nitron picrate gave a positive test for potassium. 
A nitrogen estimation on a sample of the crude picrate gave a value 
of 21.3 per cent, indicating the presence of a small amount of 
impurity (probably creatinine picrate) which had almost all been 
removed by recrystallization. 


DISCUSSION. 


Using Findlay and Sharpe’s procedure as modified by the latter, 
a picrate has been obtained whose melting point is similar to those 
reported in the literature, but which is not dimethylguanidine 
picrate. This may not be the compound obtained by Sharpe and 
his colleagues, since it is difficult to see how the high nitrogen 
values reported by them could have been obtained from creatinine 
potassium picrate, while a Jaffé test would at once have shown 
the presence of creatinine, and further, they were investigating 
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pathological urines, whereas the data here refer to normal urines, 
It seems probable, however, that this is the picrate obtained by 
Major, since his theory is based upon a diminution, in cases of 
essential hypertension, of the amount of picrate obtained from 
normal urine. It is true that Major claims to have obtained a 
nitrogen value of 26 per cent which he erroneously states jg 
correct for dimethylguanidine (the calculated value is 26.6 per 
cent). He also states that a mixture of his picrate with that of 
dimethylguanidine gave a ‘‘sharp and uniform melting point,” 
although previously (11) he admits that his picrate is not free 
from creatinine, and that to get his dimethylguanidine values, 
creatinine was estimated by Folin’s method and the calculated 
value of creatinine picrate subtracted from the total. If this 
were done with creatinine potassium picrate, there would remain 
almost half the total picrate unaccounted for. The melting point 
obtained by him (225°C.) is remarkably high for a dimethyl 
guanidine picrate admittedly contaminated with creatinine pic- 
rate. It is evident that Major has not offered sufficient proof 
of the identity of the picrate obtained by him, and that it is prob- 
ably creatinine potassium picrate. 

A critical examination of the charts of two hypertension cases 
which Major has published (12), reveals the fact that whereas 
the daily excretion of ‘‘dimethylguanidine”’ increases with fall of 
blood pressure, so does the volume of urine (digitalis and diuretin 
were administered). Consequently, the amount of ‘dimethyl- 
guanidine”’ excreted per liter of urine does not show any increase 
(see Table II). It could therefore be argued that the hyper- 
tension might equally well be connected with the retention of any 
of the urinary constituents. 

Greenwald (20) has recently criticized Sharpe’s modified method 
on the grounds that no adequate provision is made for removal 
from the urine of creatinine and ammonium salts, and that, while 
his method is apparently based upon the slight solubility of guani- 
dine picrate, he seems to have lost sight of the fact that the pic 
rates of mono- and dimethylguanidine are considerably more 
soluble than that of guanidine. The solubility factor being of 
prime importance, this discrepancy had also been noticed during 
the course of this investigation, and the solubilities of various pi- 
crates in pure water compared, under the same conditions, at 
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room temperature. These are shown in Table III, together with 
Greenwald’s figures for the solubility at 20°C., and those of Medes 
(21) at 21°C. The method I have used has been recently de- 
scribed elsewhere (22). 

It is obvious that Greenwald’s contention is correct—Sharpe’s 
method is not applicable to the determination of guanidines in 
urine. The solubilities of the picrates of creatinine, mono-, and 
dimethylguanidine are such as to preclude the possibility of either 
of the guanidine picrates being obtained uncontaminated with 
creatinine picrate. Further, creatinine potassium picrate, if 
present in any reasonable amount, is bound to crystallize out be- 
fore, or together with, either of the guanidine picrates. 


TABLE III. 





Melting Solubility in mg. per 100 cc. 














y t —= 
Picrate } found a a | 
| (uncor- ae White |Groeor ald| Medes 
| rected). — 20°C.),| (at 21°C.), 
| 

» . : 
Creatinine. . ig wef Sen 214 20.0 179 | 182 
Creatinine- -potassium.. : ew 245 21.8 157 
Wem urins.)...........+- | 244 19.7 152 
Rigi ic kine cease se oy 17-320} 20.0 63 
Methylguanidine.............. 197 20.1 217 178 
a,a-Dimethylguanidine....... | 225 | 21.0 | 170 162 | 











The extent to which this double picrate may be formed hinges 
on the amount of potassium present in the final extract. Solu- 
bility experiments with Kahlbaum’s pre-war “Zur Analysis” 
potassium chloride (previously dried at 105°C.) showed that at 
20°C. 100 ee. of absolute alcohol dissolve 27 mg., and 100 cc. 
of 95 per cent alcohol dissolve 87 mg. Since the final extract from 
250 ec. of urine is made with 20 cc. of absolute alcohol, this could 
contain 5.4 mg. of potassium chloride, yielding 44 mg. of the 
double picrate, which is more than sufficient to saturate the picric 
acid solution subsequently used. It is certain that under the con- 
ditions of the procedure some potassium will be dissolved and 
that the more water present during the alcoholic extraction, 
the more potassium will go into solution. To reduce this to a 
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minimum the presence of water in the final alcoholic extrag; 
must be excluded; this demands a more rigorous procedure than 
the two alternating extractions and evaporations recommended 
by Sharpe. 

The experiments reported here have afforded no indication of 
the presence in normal urine of any guanidine bases. The method, 
however, is faulty and the question must remain sub judice until 
a new method is devised which will estimate small quantities of 
the guanidine bases in presence of creatinine and other urinary 
constituents. An attempt to develop such a method is at present 
in progress. 

SUMMARY. 


By the procedure advocated by Findlay and Sharpe for the 
estimation of guanidine bases in urine, no guanidine bases have 
been found in four samples of normal human urine. A con- 
siderable yield of creatinine potassium picrate has however been 
obtained, and it is regarded as probable that this is the substance 
obtained by Major and assumed by him to be dimethylguanidine 
picrate. 

It follows that no satisfactory chemical evidence exists con- 
necting essential hypertension with retention of guanidine bases. 

Greenwald’s contention that Sharpe’s method cannot be used 
for the estimation of guanidine bases in urine, is upheld. 


The author wishes to express his indebtedness to Professor 
A. T. Cameron for his constant interest and advice during the 
course of this work. 
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(From the Division of Animal Nutrition, Department of Animal Husbandry, 
University of Illinois, Urbana.) 


(Received for publication, November 17, 1926.) 


It is a singular fact that in the preparation of animal carcasses 
for human consumption, as in the preparation of the cereal grains, 
the portions of the product in least demand have been found to 
possess the greatest dietetic value with reference to certain nu- 
trients. The superiority of many of the visceral organs of animals 
over the muscle meats as sources of vitamins is analogous to the 
superiority of the germ and outer layers of the cereal grains over 
the endosperm. In the latter case, the superiority is known to 
extend to the proteins also, while in the former case, McCollum, 
Simmonds, and Parsons (1) have reported observations upon rats 
that have been interpreted to mean that the proteins of beef 
liver, and particularly of beef kidney, are superior in nutritive 
value to the proteins of beef muscle. In fact, kidney proteins 
are placed higher by these investigators than those of milk or of 
any animal tissues yet studied. The existence of several uncer- 
tainties (2) in the evaluation of the type of experimental obser- 
vations upon which this conclusion was based would appear to 
detract from its force and render advisable the securing of similar 
data by the use of experimental methods more nearly quantita- 
tive in character and restricted as nearly as possible to one func- 
tion, such as growth. 

Nitrogen metabolism studies, according to the routine adopted 
in this laboratory (3), were therefore made upon a series of twenty- 
five rats to determine the biological value cf the nitrogen of beef 
heart, beef liver, and beef kidney. While the investigation 
was still in progress, a paper by Hoagland and Snider (4) appeared, 
reporting the results of experiments concerned with the nutritive 
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value of the proteins (N X 6.25) of muscle, liver, heart, and kid- 
ney from cattle, sheep, and hogs. The method used was that 
developed by Osborne, Mendel, and Ferry (5), in which the gain 
of growing rats per gm. of protein consumed under certain dietary 
conditions is taken as the measure of the excellence of the protein 
fed. From a large number of experimental results exhibiting 
considerable variability, only partially explainable by differences 
in food consumption, Hoagland and Snider conclude, somewhat 


TABLE I. 
Composition of Rations. 








4per | 8 per 8 per 8 per | 16 per 
| cent | cent cent cent cent 
egg | heart | kidney! liver | liver 
protein. | protein. | protein. | protein. | protein. 


Ingredients. 





PE ET 5.02 


BP IE IS vvinievncnddcawensossiees 10.09 

” OF I pei alee chet | 10.69 

" FP ss aiaac eensssidkcaaeuns 12.51) 25.02 
EIR Rie are ee ne er Ge ne | 4 4 4 4 4 
iia eed al aaa ‘10 |10 |10 |10 | 10 
 anilad a 365 tin ign narkemaed | 10 10 10 10 10 
EEN ee ee ee ae 4 e #4 4 4 
ESE a re ee ee | 1 1 1 1 1 
i ee ree 65.98 60.91) 60.31 58.49 45.98 
RR re ede ges ati ee na coke 100 100 {100 100 {100 


*These products were freed from all visible fat and dried at a low tem- 
perature. The dried products contained the following per cents of ni- 
trogen: egg, 12.56; beef heart, 12.52; beef liver, 10.23; and beef kidney, 
12.05. 

tA product obtained from the Chicago Dietetic Supply House containing 
37.8 per cent crude fiber and 0,015 per cent nitrogen. 


non-commitally, that ‘As regards the probable relative nutritive 
values of voluntary muscle, heart, liver, and kidney from the 
ox, sheep, and hog, as sources of protein in the human dietary, 
it seems likely that when the diet contains an adequate amount 
of protein these tissues will have approximately the same value 
for maintenance and growth.” 

In the experiments to be reported in this paper, the rations to 
be compared contained approximately 8 per cent of protein 
(N X 6.25) from each of the three different animal products, ex- 
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TABLE Il. 
Summary of Biological Values. 


431 






























































- 8 pe 1 8 per cen 8 per cen 5 pe’ 
Rat No. | hes a. a wer adn = liver a. 
371 65 723 «2|6|~Clo6 
372 64 74 | 80 
373 7 | 7 | 6 | 
374 75 86 83 
375 67 65 | 77 
Average....-++e++-- | 68 74 | 78 
381 77 63 67 
382 89 90 79 
383 | 78 83 74 
384 92 86 72 
385 | 85 80 81 
“MONEEMDcccccccsess| 08 81 75 
421 | 79 85 71 
422 79 71 77 
423 75 | 76 74 
424 75 80 77 
425 73 | 76 | 74 
RTRURED 6 cecscesess 76 | 78 | 75 
431 | m2 | 7% | 
432 | 67 | 7 | 7% 
433 | 67 | 73 | 73 
434 69 | 75 71 
435 | 73 | 74 73 
AVeTAge......cccese. 70 | 74 74 
Pesta 5 sates — 
391 | 80 57 
392 83 66 
393 | 80 57 
394 82 58 
395 | 84 51 
| 
Average........ 82 58 
Grand average... ..| 74 77 77 58 








TABLE II. 
Nitrogen Metabolism Data and Biological Values. 


é s 2 = 2 > a S 2 M4 = 2 os > § 
Sigisisif@ialaizizialealaliaiasials 
SiFleléelzlieislalazltléelélzazlelsia 
Period I. Egg ration, containing Period I. Egg ration, containing 
0.69 per cent N. 0.69 per cent N. 
gm. | gm. | gm, | mg. | mg. | mg. a gm. | gm. | gm, | mg mg. | mg. ped 
371 | 121) 128 8.0) 19 | 22 | 381) 111) 116 7.3 17 17 
372 | 130 136; 7.9 18 | 18 | 382 138) 143 8.0 17 19 
873 | 134) 142 8.0 17 | 16 383) 132) 134, 7.1 16; 19 
374 | 120) 122) 7.5 117 | 21 | 384) 122) 125, 8.0 18; 19 


375 | 100| 99 5.8 16 | 15 | 385' 109) 112; 7.2 15 | 15 


Period II. Liver ration, containing | Period II. Heart ration, contain- 
1.28 per cent N. ing 1.30 per cent N. 


371 | 133 144 8.0 102 22 | 48 | 76 | 381; 121! 127| 6.8) 89) 19| 41/77 
372 | 142, 151) 7.4, 95 19 | 39 | 80 | 382) 151) 163) 8.0; 104) 16 | 35. 89 
373 | 150 162 8.0, 103 18 | 44 | 76 | 383) 144) 157} 8.0 104! 18 | 47) 78 
374 | 130, 137! 7.3, 94 21 | 39 | 83 | 384 132 145) 8.0, 104 16 | 32 92 
375 | 107; 110 5.5' 70 13 | 33 | 77 | 385 121 134} 8.0, 104 17 | 37, 8 


| 


Period [II. Kidney ration, con- | Period III. Kidney ration, con- 
taining 1.31 per cent N. taining 1.31 per cent N. 


381) 129, 129, 8.0; 105 22) 63) 6 
382 171; 178 9.0, 118 18 | 40 90 
383 165 172, 9.0 118 19 | 48 83 
384 156 1619.0 118 17 | 46 86 
385, 142 147; 9.0) 118, 20 | 52 80 


371 | 147, 153, 8.1) 107, 22 | 53 
372 | 157; 167, 9.0, 118 19 | 54 
373 | 172 180, 9.0, 118 20 | 57 
374| 143 153 8.0 105 16 40 | 8 
375 | 115 121 8.0 105 19 56 | 6: 


“Isr sd | 
Ow» Ww 


ery 


Period IV. Heart ration, contain- | Period IV. Liver ration, contain- 
ing 1.30 per cent N. ing 1.28 per cent N. 


371 | 155 160 7.8 102 19 | 61 | 65 | 381 138 141 8.3 106| 28 | 63) 67 
372 | 176 180 9.0 117, 20 | 67 | 64 | 382 186 19410.0 128) 24) 60 79 
373 | 192 197, 9.0, 117, 20 | 63 | 70 | 383, 179, 18710.0, 128) 26) 64 74 
374| 161 166 8.0 104 17 3 | 75 | 384! 167) 17410.0| 128] 24 | 70) 72 
375 | 131, 136, 7.7, 100 20 5 | 67 | 385) 155) 167,10.0) 128) 26 | 61) 81 


Period V. Egg ration, containing | Period V. Egg ration, containing 
0.67 per cent N. 0.67 per cent N. 
371 | 156 163 8.5 21 | 25 381: 140 130 4.2 13 31 
372 | 183 178 6.9 19 | 26 382; 195 189, 8.2 20 36 
373 198 198 9.4 20 | 30 | 383, 190 176 5.1 14 | 33 
374| 169 168 7.7 19 | 29 384 174 163 5.2 14 37 
375 | 129 131) 7.0 17 | 23 385) 160 144 3.9 11 | 40 
432 
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TABLE IV. 
Nitrogen Metabolism Data and Biological Values. 





N intake. 


| 
| 
| 
| 
| 


| 








Food intake. 
Biological value. 


Urinary N. 


Initial weight. 


Rat No. 


| Final weight. 





Period I. Egg ration, containing 
0.66 per cent N. 








| | per 
gm. gm. | gm. | mg. mg. | mg. | cent 
421| 59) 66) 8.0 | 9/16 
422| 55) 63 7.9 9/15 
423| 55) 62) 7.8 8 | 18 
424) 53) 59 7.3 8/12; | 
425| 46 52| 6.4 8| 8 


Period II. Heart ration, contain- 
ing 1.27 per cent N. 


421| 75) 87) 8.0) 101; 10 | 42 | 7 
422; 74) 85 8.0) 101) 10 | 41 | 79 
423) 71) 81) 8.0) 101) 10 | 48 | 75 
424) 71) 83 8.0; 101) 10 | 42 | 75 
425| 64) 78 8.0 101; 9 | 40 | 73 


Period III. Kidney ration, con- 
taining 1.27 per cent N. 


421| 97| 117) 9.0) 114 13 | 43 | 85 
422; 95) 112) 9.0, 114 14 | 58 | 71 
423} 92) 109) 9.0, 114| 12 | 56 | 76 
424; 92) 112) 9.0; 114| 13 | 45 | 80 
425, 87/108 9.0) 114) 12 | 46 | 76 





Period IV. Liver ration, contain- 
ing 1.25 per cent N. 

| 

421 | 123, 133) 9.0, 113) 17 | 61 | 71 | 
422| 121/ 134 9.0) 113) 15 | 56 | 77 | 
423 | 117, 126 9.0 113/ 16 | 63 | 74 | 
424| 120 133 9.0 113| 15 | 53 7 | 
| 

| 





425 | 119, 130; 9.0) 113) 15 | 55 | 74 





Period V. Egg ration, containing 
0.66 per cent N. 


421 | 133) 120) 5.1 7 | 29 
422 | 138) 127| 6.1 9 | 32 
1 





423 | 128| 120) 5. s|34| | 
24| 135] 130] 6.8 8 | 30 | 
425| 134) 125, 5.2} | 7 | 28 | 


eh sn ae 


N intake. 
Biological value. 


Fecal N. 


| 


Period 1. Egg ration, containing 


Initial weight. 
Final weight. 
Food intake. 
Urinary N. 


| Rat No. 


0.66 per cent N. 
gm. | gm. | gm. mg. mg. | mg. | 
431| 59) 65) 8.0 8| 17 
432) 58) 65 8,0 10 | 15 
433) 57) 62) 7.5 | 10 17 
434 43 50 6.3 8 | 12 
435 48 55 6.6 7} 12 


Period II. Liver ration, contain- 
ing 1.25 per cent N. 


431 





86; §.0, 100 12 | 43 74 


75 
432| 74' 85 8.0) 100/13 42) 76 
433} 71; 80' 8.0 100,12) 45 73 


434) 60° 71) 8.0, 100/12) 44) 71 
435, 65, 76 8.0, 100,12) 41) 73 


Period III. Kidney ration, con- 
taining 1.27 per cent N. 


49| 75 


431; 97| 115 9.0, 114) 12 
432; 95) 111) 9.0, 114, 13 | 55) 70 


433, 92) 110; 9.0, 114, 14) 51) 73 
434! 80) 97| 9.0 114 13 48) 75 
435, 86 107 9.0 114 13 47 74 
Period IV. Heart ration, con- 
taining 1.27 per cent N. 


53) 71 


431, 123) 136 9.0) 114) 13 
432) 117) 127) 9.0, 114, 15 | 60) 67 
433| 117, 126 8.6 109, 12 | 57| 67 
434) 107; 118 9.0) 114 10 | 59) 69 


435) 118) 128) 8.4) 107; 10 


Period V. Egg ration, containing 
0.66 per cent N. 


50! 73 


431| 139| 144, 9.0, | 10] 18 


432} 129| 134) 9.0 10 | 23) 
433) 128) 137, 9.0) | 11 | 20 
434) 122| 129) 9.0 11 | 24 
435, 131| 140) 9.0 12| 21 
3 
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cept that one group of rats was fed liver protein at a 16 per cent, 
as well as an 8 per cent, level. The composition of the rations 
is given in Table I. Each rat received per day, besides its allot- 
ment of ration, 25 mg. of yeast vitamin (Harris), containing from 
2 to 3 mg. of nitrogen, and 1 or 2 drops of cod liver oil. 

The results of the nitrogen balance data are used in the calcula- 
tion of the biological value by a method fully explained and de- 


TABLE V. 
Nitrogen Metabolism Data and Biological Values. 




















| s g 
Si@i 2 ‘3 Bis 3 
l]El2lalslclZla]./2 /3l2leleléls 
elalalslelslilzlélslalsials/ili 
Slelcel/elzi/e|Sl/alelelaelel2zle|sla 
Period I. Egg ration, containing | Period III. Liver ration, con- 
0.65 per cent N. taining 2.57 per cent N. 

’ l . ft £ tte. Ee es 

| gm. | om. | om. | mg. | mg. | mg. | cent | | gm. | gm. | gm. | mg. | mg. | mg. ee 
391| 59 62) 6.4 | 14 10 | | 391; 99) 115, 8.0) 206, 25 | 105 57 
392|} 61) 65) 6.4 13 | 11 | 392| 100} 118) 8.0; 206) 23 | 91) 66 
393 | 60, 62) 6.5 | 14] 11 393) 98) 112! 8.0) 206, 27 | 106 57 
394; 59 62) 6.3 | 14 | 10 | 394 92) 110) 8.0 206 24 | 105! 58 
395 | 65) 64) 5.4 12 | 12 | 395) 96) 109) 8.0, 206 26 | 120) 51 
Period II. Liver ration, contain- | Period IV. Egg ration, contain- 

ing 1.28 per cent N. ing 0.67 per cent N. 

| oy a e perry ae: : | ; : waa 
391 | 72, 86) 8.0) 103) 19 | 35 | 80 | 391) 119, 115) 6.4 17 | 24 
392 | 73) 86) 8.0) 103) 15 | 33 | 83 | 392) 123) 114) 5.6 14; 30 
393} 69) 84 8.0) 103, 20 | 34 | 80 | 393) 115, 112) 6.4 16 | 24 
394| 69) 81) 7.4) 95) 20 | 30 | 82 | 394) 117/ 112) 5.9 14; 26 
395 | 72) 86) 7.7 


-7; 99) 22 | 31 | 84 | 395) 115) 108) 5.6 15 | 26 





fended elsewhere (3). The biological value is taken to measure 
the percentage of absorbed nitrogen that is used in the body for 
maintenance and growth. The detailed data of these studies are 
given in Tables III, IV, and V, while the biological values are 
summarized in Table IT. 

Except for the high values obtained for heart protein with 
Rats 381 to 385, the results are as consistent among themselves 
as is usual in this indirect determination. The average biologi- 
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cal values obtained at the 8 per cent level were 74 for beef heart, 
and 77 for beef kidney and beef liver. The difference is probably 
of no significance and the conclusion seems justified that the nitro- 
gen of these three tissues is utilizable in anabolism to approxi- 
mately the same extent. Furthermore, the average biological 
yalues obtained are equal to or slightly higher than the values 
obtained in other experiments for muscle meats; 7.e., 74 for pork 
(6) and 69 for beef (7). On the other hand, they are less than the 
values of 83 to 86 consistently obtained in this laboratory for 
milk proteins (7, 8). 

At the 16 per cent level, the crude protein of liver was found to 
possess a distinctly smaller biological value, averaging 58, than 
at the 8 per cent level. This is but another confirmation of the 
conclusion deduced from earlier experiments (9) to the effect 
that the utilization of protein (nitrogen) in anabolism varies 
inversely with the level at which it is fed, as measured by the 
percentage of nitrogen in the ration. 
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A BIOCHEMICAL STUDY OF TOOTH GROWTH. 


By YOSHIMI MATSUDA, 
(From The Wistar Institute of Anatomy and Biology, Philadelphia.) 


(Received for publication, October 18, 1926.) 


A knowledge of the chemical differentiation of normal teeth 
during growth is a prerequisite for the study of the influence of 
experimental procedures on tooth composition, for the study of 
the changes induced in teeth by disease, and for the study of 
systemic chemical development. 

Many scattered reports are to be found in the literature con- 
cerning the composition of teeth, but these are isolated studies 
unbacked by systematic controlled observation. Hence a study 
was made of the age changes in tooth composition under ade- 
quately controlled conditions of diet, environment, age, and sex. 
The albino rat was chosen as the experimental animal because 
it lends itself to such control. The investigation was restricted 
to a determination of the water, ash, organic matter, calcium, 
phosphorus, and magnesium of the upper and lower incisors of 
the male animal at 23, 30, 50, 65, 75, 100, and 150 days of age. 

The data to be reported were obtained from the whole depulped 
tooth. The upper and lower incisors were analyzed separately. 
The figures given in the tables are the means of five sets of dupli- 
eate analyses reduced to the value for the single tooth. The 
number of teeth in each set and consequently the number of 
animals used varied with the age of the rats. More teeth were 
required to give an adequate amount of ash for analysis from the 
younger than from the older rats. 

The rats came from the Experimental Colony stock of The 
Wistar Institute, and had been raised on the varied diet and in 
the environment described by Greenman and Duhring (1). 
The methods used for the determination of the water, organic 
matter, and ash were those described by Hammett (2). Calcium 
was determined according to the method of Kramer and Tisdall 
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(3), magnesium by the method of Hammett and Adams (4), 
and phosphorus according to Bell and Doisy (5). 

In Table I are given the mean observed values for the body 
weight of the several groups of rats, and the weight, ash, organic 
matter, and water of the teeth. 


TABLE I. 
Mean Observed Body and Tooth Weight, and Ash, Organic Matter, and Water 
of Upper and Lower Incisor Teeth at Stated Ages. 











Weight. Ash. | Organic matter. Water. 

Age Body } 

ge. weight. ar - _ oe a 

Upper. | Lower. | Upper. | Lower. | Upper.| Lower. | Upper.| Lower. 

days gm, mg. mg. mg. mg. mg. md. mg. = 
23 30.5 | 13.9] 15.2} 8.5] 9.5] 2.8] 3.1] 2.6) 26 
30 47.4 21.0 | 22.8 | 13.0} 14.5 4.0 4.3 3.9! 4.0 
50 96.7 38.5 | 37.8 | 24.6 | 24.7 7.3 7.0 6.6) 6.1 
65 143.1 49.5 | 48.7 | 32.3] 32.6] 9.3 9.1 7.9} 7.0 
75 159.1 56.4 | 56.6 | 36.5 | 37.6 | 10.6; 9.8 9.3] 9.1 
100 196.4 65.8 | 63.2 | 43.9 | 42.6 | 12.8 | 12.5 9.1 8.1 
150 | 228.6 82.6 | 84.2 | 56.7 | 57.6 | 14.6} 15.9 


11.4 | 10.7 








TABLE II. 
Mean Per Cent Ash, Water, and Organic Matter, Calcium, Phosphorus, and 
Magnesium of Upper and Lower Incisor Teeth at Stated Ages. 

















75 | 64.7] 66.6) 18.7} 17.: 
d .26| 13.7} 14.1 
25) 13.4) 13.7 


56 
51 


Ash. | a Water. Calcium, Magnesium | Phosphorus. 
Age. a : i - ss oa -| - " : “' = i. a 
Goge | Ens | cont | cont | cont | cont | cont | cont | cont | cont | cont | cont | cou 
23 | 60.9] 62.4) 20.3) 20.2) 18.8) 17.4) 21.8) 22.5) 1.16) 0.99) 12.7) 12.9 
30 | 62.2) 63.6, 19.1 19.1) 18.7 17.4, 22.6) 23.4) 1.22) 0.99) 12.8) 12.9 
50 | 64.0) 65.4) 19.1) 18.8) 16.9) 15.8) 22.9) 23.8) 1.38) 1.14) 13.2) 13.1 
65 | 65.0 66.9) 18.9) 18.7) 16.0) 14.4) 23. 24.1) 1.51) 1.26) 13.8) 14.6 
2} 16.5) 16.2) 2 3.7| 1.46) 1.15) 12.7) 12.8 

100 | 66.7) 67.3) 19.5) 19.9) 13.8) 12.8) 2 1 1 7 

2 1 1 


ho 
SS 
or 


150 | 68.6) 68.6) 17.7; 18.9) 13.7| 12.5) ‘ 





Two points of interest are found. The first is the fact that the 
lower incisor is heavier than the upper. This finding is consist- 
ent with the report in Donaldson’s book on the rat (6) that the 
lower incisor is longer than the upper. The weight difference is 
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largely due to the difference in ash. This is consistent with Mar- 
shall’s (7) observation that the enamel of the lower incisor is 
thicker than that of the upper in this species. 

The second point of interest is the fact that there is absolutely 
less water by weight in the teeth at 100 than at 75 days of age. 
This loss of water is similar to that noted by Hammett (8) in the 
long bones. The absolute amounts of ash, organic matter, and 
water, with this exception, increase with age. 

Table II contains the percentage composition of the teeth at 
the various ages. From the table it is seen that the lower incisor 
has a higher percentage as well as a greater absolute amount of 
ash than the upper tooth. The percentage ash increases with 
age in both teeth while that of water decreases. Moreover the 
percentage water of the lower incisor is less than that of the upper. 
Since the differences in organic matter per cent are inconsistent, 
and the age changes irregular, it is clear that the chief basis of 
the tooth composition difference lies in the difference in reciprocal 
relation between ash and water. The data indicate that in the 
teeth as in the bones (8) ash displaces water during growth. 

Evidence of pubertal influence on the phase of metabolism con- 
cerned in the water content of the teeth is shown in Table II. 
The progressive decrease in the percentage of water is interrupted 
at 75 days of age (the height of the pubertal adjustment), to be 
resumed again in the later groups. This is further evidence, 
obtained from a different set of rats, supporting the concept de- 
rived from the observations of Hatai (9) on blood serum, and of 
Hammett on the bones (8) and central nervous system (10), 
that puberty conditions an upset in the water exchange of the 
organism. It is due to the surge in gonadal incretory activity 
taking place at this time. 

If the figures in Table I together with like data for the body 
length be plotted on semilogarithmic paper (chart not given) 
certain relations of interest are brought out. 

The course of increase of the incisors in weight is quite like that 
of the body in weight but dissimilar from that of the body in 
length. The same is true of the three constituents studied. 
Nevertheless the percentage rate of growth of the teeth tends to 
fall away progressively from that of the body. This is what is 
to be expected from the known differences in compositional make- 
up and their relation to the metabolic cycle. 
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The percentage rate of increase in ash is greater than that of 
the teeth as a whole, while the rate of increase in water is less, 
with the organic matter running an intermediate course. 

The upper incisors do not consistently differ from the lower 
with respect to the percentage rate of growth in weight, or in 
increments of ash, organic matter, and water. This practical 
identity in percentage growth rate indicates that the rate of the 
chemical processes concerned in the formation of the two sets of 
teeth is also of the same order. Hence, since the lower incisor 
is more slender because of its anatomical relations, it grows 
more rapidly in length than the upper. The anatomical rela- 
tions also determine the greater length of this tooth. These 


TABLE III, 
Mean Observed Amount of Calcium, Magnesium, and Phosphorus in Incisor 
Teeth on Age 


Calcium. Magnesium, Phosphorus. 
Age. ania 
Upper. Lower. | Upper Lower. Upper. Lower 
days m). m?. mg. mg. mg. m4. 
23 3.02 3.42 0.16 0.15 1.76 1.96 
30 4.75 5.31 0.26 0.23 2.67 2.94 
50 8.77 8.96 0.53 0.43 5.09 4.93 
65 11.39 11.75 0.75 0.61 6.85 6.85 
75 12.77 13.40 0.82 0.65 7.17 7.23 
100 15.46 15.39 1.04 0.80 9.06 8.92 
150 19.89 20.59 25 1.05 11.09 11.58 


factors combine to produce a tooth of higher ash percentage, 
and hence greater weight, since ash deposition is the charac- 
teristic end-result of tooth formation. 

Turning now to the age changes in calcium, magnesium, and 
phosphorus, in Table III are given the mean observed amounts 
of these elements. 

From these figures it is seen that the age and intertooth dif- 
ferences in calcium and phosphorus are quite like those exhibited 
by the ash. Magnesium, on the other hand, is less in the lower 
than in the upper incisor. Therefore, magnesium, as an ash con- 
stituent, differs from the other two. 

Table II gives the percentage of calcium, magnesium, and phos- 
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phorus in the teeth on age. It is seen that the orderly progres- 
sion of increase in percentage with age is interrupted by the 
pubertal adjustment. The two chief ash components, calcium 
and phosphorus, exhibit the same general direction of difference 
in the teeth as does the ash. Magnesium, on the other hand, 
shows the reverse relation; 7.e., a lesser percentage in the lower 
than in the upper incisor at all ages. 

If the values given in Table I be charted on semilogarithmic 
paper (chart not given) it is found that phosphorus and calcium 
run parallel courses, which are the same as that for ash, while 
that for magnesium is distinctive and higher. This indicates that 


TABLE IV, 
Percentage of Calcium, Magnesium, and Phosphorus of the Ash of Incisor 
Teeth on Age. 





| Calcium. Magnesium. Phosphorus. 

Age. —— “ a | — 

| Upper. Lower. Upper. | Lower. Upper. | Lower. 

days per cent per cent per cent per cent per cent | per cent 

23 | 35.8 | 360 | 1.91 | 1.59 | 20.8 20.6 

30 | 36.4 | 36.7 1.96 | 1.56 | 20.5 20.3 

50 | 35.8 | 36.5 2.15 | 1.74 20.7 20.1 

65 | 35.3 36.0 2.32 1.88 21.2 21.0 

75 | 35.0 | 35.6 | 2.25 1.73 19.7 19.2 

100 35.2 | 36.2 2.35 1.88 20.6 21.0 

150 | 35.1 | 355 | 2.20 1.82 19.6 20 0 





the percentage rate of increment in ash of the teeth is largely 
determined by the rate of formation or deposition of calcium phos- 
phorus complexes. Since the percentage rate of increment in 
magnesium differs from that of calcium, phosphorus, and ash, 
and since in fact, magnesium differs from these in the other 
respects noted in previous paragraphs, it is evident that in the 
development of the teeth as in that of the bones (11), magnesium 
participation follows a course different from that of calcium. 
This essential separateness needs further investigation before 
interpretation is possible. 

Like the ash, so do calcium and phosphorus show no tooth 
difference in percentage rate of increment. 

The percentage rate of increment of magnesium in the upper 
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incisor tends to increase away from that of the lower as the age 
increases. Here again magnesium differs from calcium and 
phosphorus. 

As with the ash, organic matter, and water, so with the ecal- 
cium, magnesium, and phosphorus, the percentage rate of inere- 
ment decreases as the animal grows older. This decrease js 
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Cuart 1. The rate of change in percentage of calcium, magnesium, and 
phosphorus in the ash of the incisor teeth. 


sharp and rapid up to the time of the pubertal adjustment (68 
days of age). From then on it is gradual and slow. ‘The teeth 
thus resemble the bones (8) in the male albino rat, both in the 
time of onset of the beginning of the stabilization of the rate of 
chemical differentiation to the level characteristic of the adult 
growing organism, and in the character of the change which is 
brought about by the surge in gonadal incretory activity of 
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puberty. This is further evidence that the metabolic adjust- 
ments of puberty are wide-spread and include profound changes 
in differential chemical development as pointed out by Ham- 
mett (8). 

With regard to the age changes in the percentage of calcium, 
magnesium, and phosphorus in the ash, the significant figures 
are given in Table IV. 

It is seen that the percentage of calcium in the ash of the 
lower incisor is slightly but consistently greater than that in the 
upper. The percentage of magnesium, on the other hand, is less 
in the lower than in the upper tooth. The differences in per- 
centage of phosphorus are inconstant in direction. Calcium and 
phosphorus exhibit no consistent directional shift in percentage 
value on age, magnesium tends definitely to increase in this 
respect. The differences, while uninterpretable, are significant 
in that they again show magnesium to be an ash constituent of 
different history from that of calcium. 

The teeth thus differ from the bones (12) in that the percent- 
age of calcium and phosphorus in the ash changes with age in 
the latter, but not in the former. On the other hand the teeth 
are like the bones in that ossification and calcification of the 
structure as a whole progressively increase during growth. 

A pubertal influence on ash composition is shown by the fact 
that the percentage values of all three constituents at 75 days of 
age are lower than those which exist at 65 or 100 days. While 
this difference seems slight in the tables, it is brought out more 
clearly if the percentage rates of change in the percentage values 
be computed. These values are plotted in Chart 1, which shows 
the point. 


CONCLUSIONS. 


The incisor teeth of the male albino rat increase in weight, 
ash, organic matter, water, calcium, phosphorus, and magnesium 
during the growth period from 23 to 150 days of age. The lower 
incisor is heavier than the upper. This weight difference is largely 
determined by the ash. 

The percentage of ash and its constituents (calcium, magnesium 
and phosphorus) in the whole tooth increases with age. That 
of water decreases. Organic matter runs an indeterminate course. 
Ash displaces water during tooth growth. 
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The percentage of ash, calcium, and phosphorus is greater jp 
the lower than in the upper incisor. 

The calcium and phosphorus percentage of the ash shows no 
progressive change with age. The percentage of magnesium 
tends to increase with age. For this and other reasons given in 
the text the participation of magnesium, as an ash constituent 
in tooth development, is different from that of calcium and phos- 
phorus. The ash of the lower incisor has a higher percentage of 
calcium, a lower percentage of magnesium, and shows no consist- 
ent difference in phosphorus from that of the upper tooth. 

Puberty conditions an alteration in the orderly progression of 
the chemical differentiation of the teeth during growth. 


I take this occasion to express my deep appreciation of the 
kindly guidance exercised by Dr. F. 8. Hammett in this work 
and the assistance given me by Mr. H. L. Hinski of the Labora- 
tory of Biochemistry of The Wistar Institute. 
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INTRODUCTION, 


A general classification of phenol tests, with a bibliography, 
was given in the first paper of this series (Gibbs, 1926). This 
article treats of a number of phenol reagents, consisting of ni- 
trous acid, nitrites, alkyl nitrites, dilute nitric acid, and any of 
the above in presence of salts of mercury. These reagents give 
red solutions which, in some cases, are delicate, but not char- 
acteristic tests for the species. By various modifications and 
procedures attempts have been made to develop these tests for 
distinguishing between certain phenols. In some cases fair 
success has been attained. By comparison of the colors with a 
known standard, approximate quantitative accuracy has been 
developed for certain phenols. 

For purposes of classification, these tests may be divided into 
two groups according to the reagents employed. 

*Published by permission of the Surgeon General, United States Public 
Health Service. 
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1. Nitrous acid and nitric acid reagents. 

2. Nitrous acid and nitric acid reagents containing salts of 
metals. 

In the latter are the Millon, Hoffmann, Plugge, Lintner, and 
similar reagents. 

Although Millon’s test is the most delicate and the most popular 
of all of the tests and has been made the subject of numerous 
researches, I have found in the literature no definite proof of the 
reactions involved. There will be presented in this paper experi- 
mental evidence of the two stage nature of the reactions. The 
first stage is essentially the formation of nitrosophenols, and 
subsequent to this is the formation of more highly colored products. 
This process is catalyzed by the mercury salts and Vaubel (1900) 
describes a mercury derivative which he isolated and analyzed, 

The difference in the behavior of these reagents with phenols, 
and the discrepancies concerning the delicacy of the tests as 
performed by different investigators and recorded in the literature, 
are evidently due to the different proportions of nitric acid, 
nitrous acid, and mercury salts. These differences affect the speed 
of the reaction and secondary condensations, and probably do not 
occasion any fundamental difference in the primary reaction. 
The most delicate test is obtained when these three ingredients 
are present in the proper proportion, a condition which seems to be 
fulfilled best by the freshly prepared Millon reagent. Even in 
the case of this reagent the method of preparation is an important 
factor. 

When the Millon reagent reacts with phenol, p-nitrosophenol 
is formed, together with a compound which is quite red in acid 
solution, a distinction from p-nitrosophenol. The nature of this 
compound has not been investigated by me but the evidence 
points to its being a derivative of p-nitrosophenol (see Vaubel, 
1900). 

This view seems reasonable when it is remembered that the 
nitrosophenols are quite reactive, unstable in the air, capable 
of many condensations, and that evidence supports both the 
nitroso- and the quinone oxime formulas. These desmotropic 
forms are in equilibrium with each other, act as acid-base indi- 
cators, and give colors to the solutions. Moreover, I have found 
that dilute solutions of p-nitrosophenol react with solutions of 
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mercurous nitrate forming red or brown precipitates which I have 
not investigated. (See also the work of Ingold and Piggott (1924) 
—-N-O 


on the effect of temperature on the equilibrium 2N:0 = O — N — 
in their studies of nitrosomesitylene in benzene solution). 

Of the many colored nitroso compounds (quinone oximes) 
six commercial products are described by Rowe (1924) in the 
Colour Index and all are made by the action of nitrous acid on 
(1) resorcinol, (2) 8-naphthol, (3) a-naphthol, (4) 2,7-dihydroxy- 
naphthalene, (5) 8-naphthol-6-sulfonic acid, and (6) a-naphthol- 
4sulfonic acid. It is evident that the nitrous acid may react ina 
position ortho to the hydroxyl group and that an unsubstituted 
position para to the hydroxyl is not always necessary. I have 
indicated this in an incomplete study of the action of nitrous acid 
upon a very pure sample of p-cresol. Moreover, more than one 
equivalent of nitrous acid may react, as in the case of resorcinol. 

In regard to the effect of the mercury in those tests employing 
compounds of this metal in connection with nitrous acid, it is 
only necessary to note the great reactivity of this element with 
organic compounds, the host of mercury organic derivatives, and 
the many cases where mercury is employed as a catalyst in or- 
ganic synthesis, to appreciate the complications that may be 
introduced by this element as employed in the Millon, Hoffmann, 
Plugge, Lintner, and other reagents upon various phenols. The 
effect of mercury is not limited to the formation of mercury organic 
compounds but may be directional in governing the course of a 
reaction in substitution. In the presence of condensing agents 
complicated products well may result (see Whitmore, 1921). 

It is interesting to recall that nitrosobenzene was first prepared 
by the action of nitrosyl bromide upon mercury diphenyl, (von 
Baeyer, 1874), and it cannot be prepared by the action of nitrous 
acid on benzene; that p-nitrosophenol reacts with nitrous acid 
and with hydroxylamine to form p-diazophenol, O:CsH,: Noe, 
which is susceptible to various couplings forming dyes; and that 
nitrosobenzenes are capable of polymerization like aldol. 
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LITERATURE. 


A brief review of the most important literature bearing on these 
tests follows. 


1. Nitrous Acid and Nitric Acid Reagents.—Griessmayer (1871) em- 
ployed potassium nitrite and sulfuric acid in solution and nitrous acid in 
nitric as reagents. The latter gives a blood-red color with ellagic acid 
which is stated to be characteristic. (See also Perkin and Nierenstein 
(1905).) Eykman (1882) described an ethyl nitrite test for phenols 
claiming a delicacy for phenol of 1 part in 2,000,000. The solution of the 
phenol was treated with a few drops of an alcoholic solution of ethyl nitrite 
and then mixed with an equal volume of sulfuric acid, thus producing the 
red color. Huerre (1922) obtained color reactions with diluted nitric 
acid and various phenols. Some phenols gave no color, and certain phenol 
ethers formed nitro derivatives which crystallized out of the solutions. 
Ware (1925) made use of a dilute solution of nitrous acid and of nitrie acid 
for the detection of certain plant phenols. Ekkert (1925) developed tests 
for nitrous and nitric acids. He employed a strong hydrochloric acid 
solution of resorcinol as the reagent and could detect 0.01 mg. of sodium 
nitrite and 0.05 mg. of potassium nitrate by the color reaction. 

2. Nitrous and Nitric Acid Reagents Containing Salts of Metals.—The 
well known reagents containing mercury are those devised by Millon, Hoff- 
mann, Plugge, and Lintner. Millon (1849, 1850) proposed a solution of 
mercury in nitric acid as a protein reagent. It has acquired great vogue, 
especially in the detection of phenolic compounds. Hoffmann (1853) 
put forth a reagent for tyrosine consisting of a nitric acid solution of mer- 
curic oxide. Meyer (1864) showed that there must also be present a trace 
of nitrous acid, a condition present in Hoffmann’s work but not recognized 
by him. Plugge (1872) found that a reagent consisting of a solution of 
mercurous nitrate which contained traces of nitrous acid would detect | part 
of phenol in 200,000. The color with phenol and some other phenols is de- 
veloped on boiling the solution. Almén (1877) compared various tests for 
delicacy and found the Millon reaction with phenol most delicate, 1 part 
in 2,000,000. 

In the mercury-nitrous acid class of reagents Hoffmann’s test was found 
to be next in delicacy and Plugge’s test least delicate. The great variation 
in the delicacy of tests with different phenols is brought out in this early 
work. For example the ferric chloride test will show 1 part of phenol in 
3000, and 1 part of salicylic acid in 100,000 while the Millon test has about 
the same delicacy of 1 part per million for both phenols. 

Nasse (1879) believed the action of Millon’s reagent to be a nitration, 
but 20 years later (1901), in light of further information, he changed his 
view. Hirschsohn (1881) found the delicacy of the Millon test to be 1 
part of thymol in 16,000 parts. He also employed among other tests the 
nitric acid reaction for thymol and phenol. With thymol, 1 part in 32,000, 
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s pale yellow color is obtained. Nickel (1890) experimented with other 
salts of mercury, such as mercuric chloride, in the nitrous acid reagent, 
and he also records some experiments with zine chloride and zine sulfate. 
A number of substances, principally glucosides, were found to give blue 
or violet color reactions with a reagent consisting of potassium nitrite and 
zinc sulfate. In commenting on Nasse’s view that Millon’s reagent pro- 
duced a nitration, Nickel gave it as his opinion that nitrosophenols were 
formed which then further transformed into red dyes. 

Lintner (1900), in his work upon mercuric salicylate, employed the 
Millon test in a modified form. He states that the action of Millon’s 
reagent is due to mercuric nitrate, nitric and nitrous acids, and that mer- 
curous nitrate plays no réle in the reaction. The best test for salicylic 
acid is obtained by first producing the mercuric salicylate by boiling the 
salicylic acid solution with a few drops of a 10 per cent solution of acid 
mercuric nitrate, then adding 2 or 3 drops of dilute sulfuric acid and finally 
sodium nitrite solution, dropwise. The intense red color appears im- 
mediately. He believed this to be due to a nitroso derivative. The limit 
of delicacy is about 1 part of salicylic acid in 500,000. Tests for proteins 
may be made in the same way. 

Vaubel (1900), without definite proof of the first stage of the reaction, 
describes the action of the Millon reagent as occurring in two stages: 


NO 
(a) C.H;,OH + HNO, = C,H, + H,O 
OH 
NO 
(b) CH, + 4HgNO; + 3NO + 3C,H,OH = 
OH 
—N—OC,H,O 
HON = | | } + 38NO, + 3H,0 


O Hg/ 4 


On heating this mercury derivative with sodium hydroxide solution, 
it loses its mercury and a compound, apparently of the formula 


= (O-C.H4y-ONa)2 
NaON 
(CcHy-ONa); 


Il 


is formed. This compound is soluble in water and the free acid is pre- 
cipitated on acidification. He also states that the Millon test is not given 
by diortho and dimeta substituted compounds. 

Nasse (1901) states that the Millon reagent should contain no nitric acid 
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and that it is best prepared by mixing mercuric acetate solution with g 
few drops of a 1 per cent solution of an alkali nitrite, and employing the 
same either with or without the addition of acetic acid. It seems to the 
writer that some nitric acid will be present under these conditions. 

Bach (1911) employed the Millon test for phenols in waste waters and 
found the delicacy to be less than 1 part phenol in 200,000 parts. Elvoye 
(1917) pointed out that the delicacy of the Millon test depends upon the 
mode of preparing the reagent and the manner of its use, and gives details 
for the preparation of an efficient reagent. By using comparatively large 
amounts of the reagent it is possible to detect and to estimate quantitatively 
phenol and the cresols without the usual procedure of heating the reaction 
mixture. He found the delicacy of the test to be 1 part of phenol in 600,000, 
and he also observed that a sample of cresol containing some phenol could 
be differentiated from a sample of pure cresol by its behavior with the 
Millon reagent. Chapin (1920) noted the qualitative observations of El- 
vove and developed a quantitative method for determining phenol in the 
presence of the three cresols. He claimed a fair accuracy for the method. 
He also presented a mathematical analysis of his colorimetric procedure 
and tabulated the colors obtained with a number of phenols, both mono- 
and polyhydric. 

EXPERIMENTAL. 


In order to investigate the hypothesis that the primary reaction 
between phenols and the nitrous acid and nitric acid reagents 
results in the formation of a nitrosophenol, a study of the develop- 
ment of color at room temperature was made in the following 
solutions. 

Phenol. 


Mixture 1.—50 ce. of phenol solution, 2:1000 in water, were 
treated with 10 cc. of water containing 10 drops of concentrated 
nitric acid of the best laboratory reagent quality. 

Mixture 2.—Mixture 1 plus 1 ce. of a concentrated solution of 
mercurous nitrate to which just sufficient nitric acid had been 
added to prevent turbidity. 

Mixture 3.—50 ce. of phenol solution, 2:1000 in water, were 
treated with 10 cc. of water containing 2 drops of a concentrated 
solution of sodium nitrite and 1 drop of concentrated hydrochloric 
acid. 

Mixture 4.—Mixture 3 to which was added 1 ce. of the con- 
centrated solution of mercurous nitrate as in No. 2. 

Mixture 5.—50 cc. of phenol solution, 2:1000, plus 10 ce. of 
Millon’s reagent. 
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Mixture 6.—50 cc. of phenol solution, 2:1000, plus 10 drops of 
Millon’s reagent. 

The Millon reagent employed in these tests was prepared 
according to Elvove (1917) as follows: 50 cc. of concentrated 
nitric acid, density 1.405 at 25°, were added to 68 gm. of mercury 
in a 250 ec. beaker. The resulting solution, measuring about 40 
ec., was diluted with 92 cc. of water. To this were added 2.76 
ce. of nitric acid and mixed until the precipitate, which often 
formed, was completely dissolved. 

The red color developed most rapidly in Mixture 5. The color 
development in Mixtures 2, 4, and 6, all containing mercury, was 
quite rapid and satisfactory to about the same degree in a given 
time. By adjusting the proportions of mercury compound used, 
the color development may be made approximately equal in the 
various mixtures. A crystal of mercurous nitrate dropped into the 
nitric or nitrous acid tests accelerates the formation of the red 
color in the same way as the solution of mercurous nitrate. Some 
experiments employing mercuric chloride in place of the nitrite 
indicate that this compound of mercury possesses the catalytic 
power to a much lesser degree. 

The production of color in Mixtures 1 and 3 was at first a yellow 
shade and was most rapid in No. 3, the nitrite solution. By 
increasing the concentration of the nitric acid in Mixture 1 the 
color development was greatly accelerated. On long standing 
the colors in Mixtures 1 and 3 became red but not quite the same 
shade as the solutions containing mercury. 

On precipitating the mercury from any of the solutions by the 
addition of ammonia or sodium hydroxide and filtering there was 
obtained a clear red solution. By adjustment of the concentra- 
tion and the pH value of these solutions they can be brought to 
match the color of the solutions obtained by the nitric acid test, 
No. 1, and the nitrous acid test, No. 3, when the latter solutions 
are similarly adjusted for concentration and pH. Neither of 
these tests, Nos. 1 and 3, employed mercury compounds. The 
pH of the various mixtures was adjusted by diluting a measured 
volume with buffers of the Clark and Lubs series (Clark, 1925). 
At the higher pH ranges the colors were reddish brown, and in 
the acid ranges yellow. 

The test for nitrosophenol was performed on all the mixtures 








452 Phenol Tests. II 


as follows: In the case of Mixtures 1 and 3, the addition of concen. 
trated sulfuric acid produced the condensation of nitrosophenol 
and phenol to indophenol, the Liebermann reaction. 

In the case of the solutions containing mercury (Mixtures 2, 4, 5, 
and 6) the result was obtained on the red solutions after precipi- 
tating the mercury with sodium hydroxide. In some cases it was 
found that the test could not be obtained until after a little phenol 
solution, 2:1000, had been added to the red solution to be tested. 
This is evidently due to the fact that all of the phenol originally 
present had reacted with the nitrous acid reagent. 

In order to obtain some idea of the effect of pH on the rate of the 
reaction between phenol and nitrous acid, 5 cc. portions of phenol 
solution (2:1000 = 0.0213 m) were mixed with equal quantities 
of sodium nitrite solution (0.0213 m) and to this were added 10 ce. 
of buffers pH 1.2, 2, 3, 4, 5, 6, 7, 8, 9, and 10. These mixtures 
were allowed to stand 2 days at room temperature. The color 
gradually developed in the acid ranges, first yellow then slowly 
deepening to red, no color showing at pH 7, 8, 9, and 10. Thé 
best color development seems to be in the range pH 4 to 5. On 
heating the solutions the rate of color formation was very much 
accelerated. 

The production of the characteristic color test with phenol and 
dilute nitric acid was proven to be due to nitrous acid, which was 
either present in the nitric acid or developed by the reducing 
action of the phenol, by the following tests. 

Solutions of three different concentrations of phenol in water 
were treated with dilute nitric acid and to identical comparison 
solutions there were added small quantities of urea for the purpose 
of destroying any nitrous acid that might be present. 

In every case the color development was normal in a few hours 
except where the urea had been added. In the latter experiments 
no color developed and some gas was evolved from the solutions. 
On making the test solutions alkaline at the end of the experiment, 
no color was developed in the solutions containing urea, while the 
color in the solutions containing no urea was greatly enhanced. 

In order to compare with p-nitrosophenol the properties of 
the colored compounds obtained in the tests described above, 
a sample of p-nitrosophenol was prepared by the action of nitrous 
acid on phenol and purified as follows. The product was put into 
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hot aleohol containing decolorizing carbon, shaken, and quickly 
filtered into cold water containing a very little acetic or hydro- 
chloric acid. On cooling with ice there was obtained a good crop 
of crystals. After repeating the process several times, a beautiful 
crop of almost colorless crystals was obtained. They were rapidly 
separated by filtration with as little exposure to the air as possible. 
Without further drying, a portion of these crystals was dissolved 
in warm water, which had been previously boiled to expel air, the 
solution cooled to room temperature, and filtered. Analysis for 
nitrogen gave the following results." 


Nitrogen by Kjeldahl. 

I. 25 ec. solution = 0.00658 gm. N. 

i ia a = 0.00658 ‘ 
Calculated, p-nitrosophenol equals a concentration of 2.316 gm. per 1000 
ee. or 0.0188 molar. 


The dissociation constant of this preparation of p-nitrosophenol, 
determined by the method of Salm (1906) is 6.6 in terms of pK ,. 

The solutions employed were: for the acid solution 0.5 cc. of 
p-nitrosophenol solution plus 10 ce. of buffer pH 3; for the alkaline 
solution 0.5 ec. of p-nitrosophenol solution plus 10 ec. of 0.2 N 
sodium hydroxide. Superpositions of these were matched against 
1 ec. of solution plus 9.5 ce. of buffer pH 6.6 and 10 cc. of water. 

The dissociation constant was also determined by the spectro- 
photometric method (Holmes, 1924). Two 2 cc. portions of a 
solution of pure p-nitrosophenol were diluted with 20 cc. of 0.2 
N sodium hydroxide and with 20 ce. of buffer pH 2, and the trans- 
mittancy measured in 10 cm. tubes at wave-length 560 mu as de- 
scribed under the heading “‘Absorption spectra.” 


Solution. T — log T 
0.2 n sodium hydroxide........ es FT 0.968 
pH 2....... -..... 1,00 0.0 


Since the solution in 0.2 N alkali gave the maximum color ob- 
tained in alkaline solutions, it is assumed that all of the compound 
is here present in the colored form and in the solution at pH 2 
the colored form is entirely absent. Therefore at the value 0.968 
+ 2 = 0.484, the two forms are present in equal quantities. 


1T have Mr. C. G. Remsburg of this laboratory to thank for the analyses. 











454 Phenol Tests. II 


2.0 





T T 
i 

| 
i 
| 


ions Test 



































i + 4 s “ L ri 
480 500 520 540 560 580 600 620 640 660 680 
Fic. 1. Spectrophotometric absorption curves of p-nitrosophenol at 
pH 4, 5, 6, 7, 8 and 0.2 n sodium hydroxide at concentration of 0.0019 ¥, 
and the color produced by Millon’s reagent acting on phenol. Ordinate, 
—log transmittancy; abscisse, wave-lengths in mz. 


A solution of 2 cc. of the p-nitrosophenol in 20 cc. of buffer 
pH 6.4 gave the value T = 0.33, —log T = 0.482. This value of 
6.4 for pK, is less than that obtained by the method of Salm and I 
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believe it to be more accurate, because of the difficulty of matching 
color when Salm’s method is applied to such weakly colored solu- 
tions. It is possible that the rather rapid fading of the solution 
in 0.2 N sodium hydroxide may have reduced the pK, value 
somewhat. 

A comparison of the above value was made with that of the 
color obtained in the Millon test as follows: 50 cc. of phenol 
solution, 2:1000, were treated with 25 cc. of Millon’s reagent. 
A brilliant deep red color developed in about 0.5 hour. This 
solution was treated with a 10 per cent solution of sodium hydrox- 
ide until no more precipitate formed. It was then filtered, and 
the red filtrate approximately neutralized with 0.1 Nn sulfuric acid 
solution. This clear red-brown solution showed substantially 
the same dissociation value, pK, 6.6, as that found in the case of 
the solution of pure p-nitrosophenol and also the same spectro- 
photometric absorption curve when adjusted for concentration 
and pH values (see Fig. 1). 

Although p-nitrosophenol is present and probably the first 
compound formed, it is not the only colored derivative produced 
by the action of Millon’s reagent as shown by the following 
investigation of the mercury-sodium hydroxide precipitate from 
the above experiment. 

This precipitate was washed with water until the filtrate ap- 
peared practically colorless, and then it was treated on the filter 
with dilute nitric acid. The filtrate appeared deep red and did 
not lose color on further acidification with nitric acid. The 
absorption spectrum of this acid solution in the visible region of 
the spectrum, very closely approximates the curves for p-nitro- 
sophenol in the alkaline ranges. The curve has the same slope, 
shows no tendency to develop bands in this region of the spectrum, 
and the intense absorption of the acid solution is quite a dis- 
tinction from p-nitrosophenol. 

No further investigation of this color was attempted to deter- 
mine its constitution or how it is carried down with the precipita- 
tion of the mercury by sodium hydroxide. 


Absorption Spectra. 


The absorption spectra of the pure solution of p-nitrosophenol, 
previously described, were measured in the visible region at 
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The reaction with phenol produces p-nitrosophenol which may 
condense to produce other color compounds. The presence of 
mercury compounds accelerates the color formation. 

The pK, value of pure p-nitrosophenol was determined by the 
method of Salm to be 6.6 and by the spectrophotometric method 
6.4. The latter is believed to be more accurate. The dissociation 
constant for a color compound formed by the Millon reaction was 
found to be 6.6. 

The absorption curves in the visible region are recorded for 
p-nitrosophenol at pH 4, 5, 6, 7, 8 and 0.2 n sodium hydroxide 
and for the color produced by the Millon reagent. 

Para-cresol and tyrosine react with Millon’s reagent and with 
nitrous acid. The substitution of groups in the para position to the 
hydroxyl in general does not seem to interfere with the nitrous 
acid tests. 


BIBLIOGRAPHY. 
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various pH levels by means of a Keuffel and Esser color analyzer, 
2 cc. quantities of the solution were diluted with 20 cc. quantities 
of buffers pH 4, 5, 6, 7, 8 and 0.2 N sodium hydroxide, making 
solutions 0.0019 molar, which were placed in 10 cm. tubes. The 
curves are plotted in Fig. 1. 

There is also plotted on this chart the absorption curve of a 
phenol solution treated with a few drops of Millon’s reagent. 
Owing to the rapidity of the color development the curve is difficult 
to obtain accurately. The readings were commenced at 700 my 
and proceeded toward the short wave-lengths and since the ab- 
sorption in the blue was increasing rapidly the curve is too steep 
at the upper end. Disregarding this discrepancy the conformity 
with the p-nitrosophenol type of curve is satisfactory. 


Para-Cresol. 


The reactivity of phenols that have the position para to the 
hydroxyl group unsubstituted is well recognized and in these cases 
the formation of various derivatives through reactions with the 
para-hydrogen is easily understood. In cases where the para 
position is substituted, especially by a methyl group as in the 
case of para-cresol, certain types of reactions may proceed with 
difficulty or not at all (compare Pummerer et al., 1922, 1925, 
mentioned under ferricyanide reagents in Paper I). Since the 
Millon color test is in general so delicate and might be attributed 
to impurities of ortho- or meta-cresol contaminating para-cresol, 
it was decided to prepare this cresol in a pure state to determine 
its reactivity not only with Millon’s reagent but also with ni- 
trous acid and some other compounds. 

The purification by a new procedure will be described in a later 
paper. 

Millon Test.—Para-cresol gives the Millon test in concentration 
of 1:1000 very deep red and 1:100,000 pink. 

Nitrous Acid Test-—At concentrations of 1:2000 p-cresol gives a 
positive coloration with nitrous acid. In performing the test 
equal volumes of solutions of p-cresol 1:1000 and sodium nitrite 
of the same molar concentration were mixed and acidified with 
hydrochloric acid. 

In order to establish further the reactivity of p-cresol with 
nitrous acid 0.1 mol (10.8 gm.) was put into water, 0.1 mol 
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sodium hydroxide (4.0 gm.) dissolved in water, added and then 
0.1 mol sodium nitrite (7.0 gm.) dissolved in water was added. 
The total volume was 250 ce. 

This solution was surrounded by an ice bath, chilled to between 
0° and 7°, and a solution of 25 gm. of sulfuric acid in 100 ce. of 
water slowly dropped in while the solution was thoroughly 
agitated. 

At the low temperatures there was very little evidence of a 
reaction between the p-cresol and nitrous acid, the former separat- 
ing as the solution becomes acid. After all of the sulfuric acid 
had been added the solution was slowly warmed to room tempera- 
ture and then there was evidence of a reaction through the for- 
mation of a red precipitate. On distilling with steam very little 
of the p-cresol was recovered, the solution becoming red and much 
resinous material forming. The products of the reaction were not 
investigated since the study seemed hardly pertinent to this work. 


Tyrosine. 


OH 
| 


$ 


| 
CH, - CH - COOH 


we 

Dilute solutions of tyrosine, at room temperature, treated with 
dilute nitric or nitrous acid, slowly develop a color first yellow 
and gradually deepening. The addition of mercurous nitrate 
to the solutions accelerates the color formation. Millon’s reagent 
develops the red color in the same way. The color formation in 
the case of tyrosine is much slower than with phenol and the 
behavior of the color solutions is similar in changing the pH. 
No study has been made of the colored compound formed but it is 
evidently due to the action of nitrous acid. 


SUMMARY. 


The phenol reagents, nitrous acid, dilute nitric acid, and Mil- 
lon’s, have been studied, and the literature reviewed. 
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The reaction with phenol produces p-nitrosophenol which may 
condense to produce other color compounds. The presence of 
mercury compounds accelerates the color formation. 

The pK, value of pure p-nitrosophenol was determined by the 
method of Salm to be 6.6 and by the spectrophotometric method 
6.4. The latter is believed to be more accurate. The dissociation 
constant for a color compound formed by the Millon reaction was 
found to be 6.6. 

The absorption curves in the visible region are recorded for 
p-nitrosophenol at pH 4, 5, 6, 7, 8 and 0.2 nN sodium hydroxide 
and for the color produced by the Millon reagent. 

Para-cresol and tyrosine react with Millon’s reagent and with 
nitrous acid. The substitution of groups in the para position to the 
hydroxyl in general does not seem to interfere with the nitrous 
acid tests. 
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NOTE ON THE ACTION OF AMMONIA ON PROPYLENE 
OXIDE. 


By P. A. LEVENE anp A. WALTI. 
(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 
(Received for publication, November 1, 1926.) 


In a previous communication on the configurational relation- 
ships of lactic and 3-hydroxybutyric acids,' a method was given 
for the preparation of aminohydroxypropane by the action of 
ammonia on propylene oxide. It is generally assumed that 
under such conditions the amino group enters position (1) 
and the hydroxyl position (2). The reason for the assumption 
is the following: It had been found that 1-amino-2-hydroxy- 
propane was formed by the action of potassium phthalimide 
on either 1-chloro-2-hydroxypropane or on 1-hydroxy-2-chloro- 
propane. This result can be explained on the assumption that the 
first step of the reaction consists of the formation of propylene 
oxide which is subsequently ammonolized to form 1-amino-2- 
hydroxypropane.? 

The set of reactions leading to the formation of the base, then, 
may be expressed as follows: 

CH.Cl CH 
|__ 0 + KCl + H.0 
CHOH + KOH = CH, 


| 
CH; CH; 


CH; CH:N(CO):C.Hy 
Yo + HN: (CO).C.H, | 

CH = CHOH 

| | 

CH; CH; 


1 Levene, P. A., and Walti, A., J. Biol. Chem., 1926, Ixviii, 415. 
* Gabriel, S., Ber. chem. Ges., 1916, xlix, 2120. Gabriel, S., and Ohle, H., 
Ber. chem. Ges., 1917, 1, 804. 
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462 Ammonia and Propylene Oxide 


Thus, a priori, it is to be expected that the amine prepared by the 
action of ammonia directly on the oxide also has the composition 
of l-amino-2-hydroxypropane. This amine and its isomer can 
be easily differentiated from each other by the melting points of 
the two isomeric hydroxypropylphenylthioureas derived from 
them. The derivative of 1-amino-2-hydroxypropane has a melting 
point of 108-109°C., whereas that of the isomer is at 141°C. The 
substance prepared by us melts at 107—108°C., thus showing 
the correctness of the assumption that on addition of ammonia 
to propylene oxide 1-amino-2-hydroxypropane is formed. 

Incidentally it may be added that under the conditions adopted 
by us the formation of secondary and tertiary bases is reduced to 
& minimum. 


EXPERIMENTAL. 


Propylene Oxide.—A double neck distilling flask containing 65 
gm. of potassium hydroxide dissolved in 85 cc. of water was im- 
mersed in a water bath. The flask, which held a dropping funnel 
containing 95 gm. of propylene chlorohydrin, was connected with 
a condenser through which water at 0°C. was circulated. The 
temperature of the water bath was then raised to 50°C. When 
this temperature was reached, one-third of the chlorohydrin was 
added to the alkaline solution and the temperature was quickly 
raised to 60°C. When the condensation of the propylene oxide 
became slow another one-third of the chlorohydrin was added, 
and finally the rest was added. The flask was vigorously shaken 
to drive over the propylene oxide. 49 gm., or 84 per cent of the 
theoretical yield, of propylene oxide were thus obtained. 

Aminoisopropyl Alcohol.—15 gm. of the propylene oxide de- 
scribed above were poured into 2 liters of concentrated aqueous 
ammonia at 0°C. and allowed to stand in a refrigerator overnight. 
The solution was then concentrated under reduced pressure at 
room temperature until the odor of ammonia disappeared. The 
residue, about 25 ce., was taken up in 60 ce. of absolute alcohol 
This solution was cooled to 0°C. and anhydrous potassium carbon- 
ate was added and well mixed. The dry alcoholic solution was 
decanted and the remaining potassium carbonate paste was 
extracted several times with absolute alcohol, adding fresh por- 
tions of potassium carbonate each time. The combined alcoholic 





XUM 


ex 
at 


TI 


res 
di- 
tu! 


cal 
rer 
dis 
fro 
the 


tim 
foll 


the 
tion 
can 
's of 
rom 
ting 
The 
ving 
onia 


»ted 
1 to 


- 65 


inel 
vith 
The 
hen 
was 
‘kly 
cide 
led, 
ken 
the 


de- 
ous 
tht. 
Y at 
lhe 
nol 
on- 
was 
was 
0r- 
olic 





P. A. Levene and A. Walti 463 


extracts stood for a few hours over anhydrous potassium carbon- 
ate. The alcohol was then removed under reduced pressure and 
the aminoisopropy! alcohol distilled at 156-162°C. at 761 mm. 
The yield was about 70 per cent. It analyzed as follows: 


0.0834 gm. substance: (Van Slyke) 5.67 cc. N2 at 25°C. and 764.9 mm. 
C;H,ON. Calculated. N 18.66. 
Found. “ 18.96. 


In the distilling flask there remained a little of a higher boiling 
residue which crystallized on standing and apparently represented 
di-(hydroxypropyl) amine, or tri-(hydroxypropyl) amine, or a mix- 
ture of both. 

If the extraction with absolute alcohol and anhydrous potassium 
carbonate is omitted and the residue, after the ammonia has been 
removed by distillation under diminished pressure, is directly 
distilled at ordinary pressure, the temperature rises constantly 
from 100-160°C. or above, so that only a very small amount of 
the amine boiling correctly can be obtained. 

2-Hydroxypropylphenylthiourea. CH;CHOHCH,NHC = §.— 


| 

NHC,H; 
To 2 gm. of aminoisopropy] alcohol were added 3.7 gm. of phenyl- 
isothiocyanate, the addition being accompanied by the evolution 
of heat. The substance thus obtained was recrystallized four 
times from water. It melted at 107—108°C. and analyzed as 
follows: 

0.1000 gm. substance: (Kjeldahl) 9.48 cc. 0.1 N HCl. 


CyoH,,0N38. Calculated. N 13.33. 
Found. 33.22. 
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THE CONFIGURATIONAL RELATIONSHIP OF 
DEXTRO-METHYLETHYL CARBINOL TO 
DEXTRO-LACTIC ACID. 


By P. A. LEVENE, A. WALTI, ano H. L. HALLER. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, November 1, 1926.) 


The configurations of aliphatic substances containing in their 
molecules several secondary alcoholic groups, or one or more 
secondary alcoholic groups in addition to a polar radicle as 
-COOH, —CHO, or =C=O, have been correlated to a single 
reference substance, lactic acid. Nothing is known, however, 
regarding the stereochemical relationships of simple secondary 
alcohols to the same substance of reference, nor is there any 
definite knowledge as to the stereochemical relationships of 
individual secondary alcohols among themselves. The case of 
secondary alcohols is complicated by the following fact. The 
first member of the series is methylethyl carbinol (I). Its 


CH; CH; C2H; 
, ' 
| | 
HCOH HOCH HCOH 
| | 
C:Hs C.H; CH; 
am II. Ill. 


enantiomorph (II) may be represented also as ethylmethyl 
carbinol (III). A question has been raised as to whether or not 
the higher homologues of the methyl and ethyl series should 
rotate in opposite directions as their first members do. Two 
conflicting answers have been given to the question, both based on 
indirect evidence.! 

1 Clough, G. W., Proc. Chem. Soc., 1913, xxix, 357. Kenyon, J., J. Chem, 


Soc., 1914, ev, 2226. 
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466 Dextro-Methylethyl Carbinol 


In the present communication data are given which permit the 
correlation of the configuration of dextro-methylethyl carbinol 
with that of dextro-lactic acid. The arguments are presented 
in the following figures: 


CH; CH; CH; CH; CH; CH; 


| | 


' 


| | 
HCOH — HCOH —HCOH -~HCOH — HCOH — HCOH 
| | | | | | 
COOH CH.OH CH; CH; CH; CH, 





| | 
COOH CH.0OH CH.,I 
Dextro. Dextro. Dextro. Dextro. Dextro.* Dextro. 
I. a. III. IV. V. VI. 


The reactions leading to the correlations of (I) to (IV) were 
described in previous communications by Levene and Haller 
and Levene and Walti.2 The remaining reactions are described 
below. Thus dextro-methylethyl carbinol is correlated to dextro- 
lactic acid, which belongs to the / series; hence, dextro-ethyl- 
methyl carbinol also belongs to the / series. 


EXPERIMENTAL. 


Preparation of  Dextro-1, 3-Dihydroxybutane.—Dextro-l, 3- 
dihydroxybutane was obtained by reducing freshly prepared 
aldol with brewer’s yeast according to the procedure of Neuberg 
and Kerb.‘ It has been found unnecessary to distil the aldol 
after removal of the ether under reduced pressure. The glycol 
showed a rotation of a = +9.9° in a 1 dm. tube. 

The glycol obtained by the use of brewer’s yeast had a specific 
rotation higher than that of the product obtained when baker's 
yeast was employed. A glycol obtained with baker’s yeast 
gave o, = +1.6° to +2.5° in a 1 dm. tube, whereas the glycol 
obtained with brewer's yeast gave a» = +9.9° in a 1 dm. tube. 


* The rotation of the iodohydrin could not be measured because of the 
dark color of the solution. The bromo derivative, however, was 
dextrorotatory. 

* Levene, P. A., and Haller, H. L., J. Biol. Chem., 1925, Ixv, 49; 1926, 
Ixvii, 329; 1926, lxix, 165. 

* Levene, P. A., and Walti, A., J. Biol. Chem., 1926, Ixviii, 415. 

* Neuberg, C., and Kerb, E., Biochem. Z., 1918, xcii, 96. 
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Diurethane ‘of Dextro-1, 3-Dihydroxybutane.—To 0.9 gm. of 
1,3-dihydroxybutane were added 2.5 gm. of phenylisocyanate 
and the mixture was heated at 100° for 1 hour. The solid product 
was washed with petroleum ether, and was recrystallized three 
times from dilute alcohol. The diphenylurethane melted at 
127-129°C. and analyzed as follows: 


0.0500 gm. substance: (Kjeldahl) 3.10 cc. 0.1 n HCl. 
CisH:0O4N2. Calculated. N 8.53. 
Found. “ 8.68. 


It had the following rotation in absolute alcohol. 


fap = Ee = + 5820". 
Preparation of 1-Iodo-3-Hydroxrybutane.—Into 40 gm. of dextro- 
1, 3-dihydroxybutane 57 gm. of dry hydrogen iodide (1 equivalent) 
were passed, the temperature being maintained at 0°C. The 
dark solution was heated in a water bath for 4 hour. After 
cooling, 100 cc. of chloroform, 10 gm. of ice, and 5 cc. of water 
were added and the mixture was made neutral to Congo red with 
sodium carbonate. The chloroform was separated and the extrac- 
tion with chloroform was repeated twice. The combined chloro- 
form extracts were dried over sodium sulfate. The chloroform 
was removed by distillation under reduced pressure and the 
l-iodo-3-hydroxybutane was distilled. It boiled at 58-60°C., 
p=04to0.5mm. The yield was39gm. The substance ana- 
lyzed as follows: 
0.1031 gm. substance: 0.1236 gm. Agl. 
C,H.OI. Calculated. I 63.50. 
Found. “* 64.79. 


Owing to the dark color of the solution it was not possible to 
measure its optical rotation. 

Preparation of Dextro-1-Bromo-3-H ydroxybutane.—This product 
was obtained by passing 1 molecule of dry hydrogen bromide into 
1 molecule of dextro-1, 3-dihydroxybutane (a = +9.9°) at 0°C. 
The acid mixture was neutralized and worked up in the same way 
as the above mentioned 1-iodo-3-hydroxybutane. The dextro-1- 
bromo-3-hydroxybutane boiled at 72-76°C. at 20 mm. and had a 
rotation of a2? = +2.53° ina 1 dm. tube. 
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It analyzed as follows: 


0.1413 gm. substance: 0.1740 gm. AgBr. 
C.,H,OBr. Calculated. Br 52.3. 
Found. * 92.4. 


Reduction of 1-Iodo-3-Hydroxybutane to Dextro-Methylethyl 
Carbinol.—60 cc. of a 10 per cent aqueous sodium hydroxide 
solution and 19 gm. of 1-iodo-3-hydroxybutane were placed in a 
shaking flask and the flask was then connected with a hydrogen 
cylinder. After replacing the air in the flask by hydrogen, 0.1 
gm. of colloidal palladium in a little water was added. The 
absorption of hydrogen was rapid at first. The reduction was 
continued for 48 hours. Two 0.1 gm. portions of colloidal pal- 
ladium were added during the course of the reaction.’. The 
reaction mixture was extracted with ether in a continuous extrac- 
tion apparatus. The ether extract was carefully dried with 
sodium sulfate and then with 0.1 gm. of metallic sodium.* The 
ether was distilled off, employing a fractionating column. From 
the residue of two such experiments the following fractions were 
obtained by fractional distillation. 


95- 99°C. = 1 


tor 


ec. 


99-104 “ =3.5 “ a, = 43.54° in 1 dm. tube. 
104-195 “ = 2.5 “ af =~ 2.69 “1 


The residue from the distillation was about 0.3 cc. 

Phenylurethane of Methylethyl Carbinol.—To 0.74 gm. of the 
fraction boiling from 99-104°, 1.4 gm. of phenylisocyanate were 
added. The mixture was heated at 100-120° for4 hours. Crystal- 
lization took place on standing overnight The product was 
recrystallized three times from dilute aleohol. It melted at 62°C. 
The rotation of the substance in absolute alcohol was 


- 0.81° x 100 : 
eft = TE XM. + ar. 


The substance analyzed as follows: 


0.1000 gm. substance: (Kjeldahl) 5.40 ec. 0.1°n HCl. 
CyHi,0.N. Calculated. N.7.25. 
Found. ‘ 7.56. 


The above results were further confirmed by converting levo- 
methylethyl carbinol into its phenylurethane. The levo-methyl- 
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ethyl carbinol was obtained by resolution of the inactive alcohol 
following the procedure of Pickard and Kenyon.5 
In absolute alcohol it had the following rotation. 


— 1.12° x 100 _ 


2 ° 
hyl = xe 7 ~ 8. 
de The phenylurethane was prepared in the usual way. Several 
. recrystallizations from 75 per cent alcohol gave a product which 
- melted at 64-65°C. and analyzed as follows: 
he 0.1000 gm. substance: (Kjeldahl) 5.26 cc. 0.1 Nn HCl. 
as CyH,;0.N. Calculated. N 7.25. 

Found. "7.20. 

ul- 
he In absolute alcohol it had the following rotation. 
Cc 

a — 0.88° X 100 | om 
th lely = og =~ 16-76" 
he 
= ‘ Pickard, R. H., and Kenyon, J., J. Chem. Soc., 1911, xcix, 64. 
re 
1e 
re 
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LACTONE FORMATION OF LACTO- AND MALTOBIONIC 
ACIDS AND ITS BEARING ON THE STRUCTURE OF 
LACTOSE AND MALTOSE. 


By P. A. LEVENE anp HARRY SOBOTKA. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, November 23. 1926.) 


The knowledge of the structure of disaccharides was consider- 
ably advanced recently, first by the improvement in the use of 
methylation methods and in the handling of the methylated sugars, 
and furthermore by the introduction by Zemplen of the method 
of gradual degradation. 

The method of methylation as well as the method of Zemplen 
is very laborious and requires considerable quantities of material. 
Therefore, any simple method yielding information as to the 
point of union of the two sugars should be found useful. 

Recently Levene and Simms! have shown that sugar acids in 
which positions (4) and (5) are not substituted form in aqueous 
solution two lactones. These differ in the rates of formation and 
in their concentrations at the points of equilibrium. The six- 
membered ring is formed rapidly and at the point of equilibrium 
the lactone has a concentration of 20 to 30 per cent of the origi- 
nal acid; the five-membered ring is formed slowly and at the 
point of equilibrium the lactone has a concentration of 75 to 80 
per cent. Thus it ought to be possible from observations on 
lactone formation to judge as to the part positions (4) and (5) 
play in the union between the components of a given disaccharide. 

These considerations led us to investigate the lactone formation 
of two acids, namely lactobionic and maltobionic acids. The 
lactone formation was followed by observations on the changes 
in optical rotation and by titration. It must be recalled at this 


1 Levene, P. A., and Simms, H.S., J. Biol. Chem., 1926, xviii, 737. 
471 








472 Structure of Lactose and Maltose 


time that the velocity of hydrolysis of the <1,5> lactones js 
so rapid that it is not possible to detect their presence by titration, 

The results of our observations are the following. 

Maltobionic acid showed a slight rise in rotation which reached 
its maximum after 2 hours. The neutralization value remained 
constant throughout the experiment, which lasted 24 hours, and 
corresponded accurately to maltobionic acid, namely to 377. 

Thus the conclusion is warranted that maltobionic acid forms 
a six-membered lactone. This conclusion leads to the assump- 
tion of a union in position (4) as follows: 











—§CHOH 
HCOH . O ; 
| 

| HOCH H OHH OH 

O | aa 

| HC——O0——C—C—C—C—C—CH,0H 
| | | | 
| | 

— —_— H OHH H 
CH.OH 
u a 





This is one of the two possible structures formulated simul- 
taneously by Irvine and Black? and by Cooper, Haworth, and 
Peat.’ 

Lactobionic acid in aqueous solution showed a small but definite 
mutarotation and on titration gave a constant value throughout 
the experiment, which lasted 24 hours. Again in this case a 
<1,4> lactone was not formed. This observation was to be 
expected on the basis of the work of Haworth and Leitch‘ and of 
Zemplen® who assign to lactose the following structure. 


2 Irvine, J. C., and Black, I. M. A., J. Chem. Soc., 1926, exxix, 862. 

3’ Cooper, C. J. A., Haworth, W. N., and Peat, S., J. Chem. Soc., 1926, 
exxix, 876. 

4 Haworth, W. N., and Leitch, G. C., J. Chem. Soc., 1918, exiii, 188. 

’ Zemplen, G., Ber. chem. Ges., 1926, lix, 2402. 





XUM 


1es ig 
ition, 


ched 
lined 
and 


orms 
imp- 


1ul- 
und 


‘ite 
out 





P. A. Levene and H. Sobotka 473 





CHOH 











HC HCOH\, 
| | 
CH,OH | HOCH O 
L_—____—— l 
HOCH / 
| J 
HC 
CH,OH 


EXPERIMENTAL. 


Mutarotation of Maltobionic Acid.—The calcium salt of malto- 
bionic acid was used for the experiment. A convenient way of 
purifying the calcium salt of maltobionic and lactobionic acids 
is the following. To a 25 per cent solution of the bionic acid were 
added 13 volumes of 95 per cent alcohol. The calcium salt 
settled out as a sticky semifluid mass. The supernatant fluid 
was decanted, the residue was dissolved in a minimum of water, 
and the solution was poured gently with stirring into a large 
excess of methyl alcohol. Two or three reprecipitations sufficed 
to obtain a calcium salt having the composition required for the 
salt of a bionic acid.® 

Maltobionic Acid.—1.0 gm. of the air-dried calcium salt con- 
taining 6 per cent moisture was dissolved in 20 cc. of water con- 
taining exactly 1 equivalent of hydrochloric acid. 1 cc. of this 
solution required for neutralization 1.25 cc. of 0.1 N alkali, thus 
giving 377 as the equivalent weight of the maltobionic acid, which 
is exactly the value required by theory. The titration values and 
the changes in rotation are given in Tables I and II. 

Lactobionic Acid—1.0 gm. of the air-dried calcium salt con- 
taining 0.8864 gm. of the anhydrous substance was dissolved in 


* We wish to acknowledge our indebtedness to Dr. Walther F. Goebel 
for a sample of maltobionic acid. 
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TABLE I. 
Titration of 1 Ce. of a 0.125 ~ Solution of Maltobionic Acid with 0.1 x Alkali. 


0.1 n alkali. P 





Time. 

: : ord hrs, | ee 7 “- - 
0 1.25 
2 1.24 
3 1.25 

| 1.25 

21 | 1.25 
2 1.25 
26 | 1.25 
29 1.25 
1.25 


TABLE IL. 
Changes in Rotation of the Above Solution. 


l=2dm. t=24C. x = 5892 A. 





Time. a* 
hrs, | 

0 9.58 
1 10.69 
2 10.72 
3 10.73 
4 10.74 
6 10.73 
23 10.74 





* Accuracy of instrument = + 0.02°. 


TABLE III, 
Titration of 1 Cc. of a 0.117 N Solution of Lactobionic Acid with 0.1 n Alkali 








0.1 N alkali. 





Time, 
hrs. ce 
0 wm 
1 1.18 
2 1.18 
4 1.18 
6 1.18 
21 1.18 
2 1.18 
26 1.19 
28.5 1.18 
30 1.18 
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TABLE IV. 
Changes in Rotation of the Above Solution. Two Experiments Recorded. 
l=2dm. t = 24°C. » = 5892 A. 

















Time. 2 — 
Experiment I. Experiment II, 

hrs, 

0 1.62 1.66 
0.25 1 75 

0.50 1.85 

1 1.96 1.92 
2 2.02 2.03 

3 | 2.02 2 03 

4 2.06 
5 2.03 

6 2.04 

7 2 03 

8 2 05 
24 2.03 2.06 





* Accuracy of instrument = + 0.02°. 


20 cc. of water containing exactly 1 equivalent of hydrochloric 
acid. 1 cc. of this solution required for neutralization 1.17 cc. of 
0.1 n alkali, thus giving for the equivalent weight of the salt the 
value of 377, which is exactly that required by theory. ‘The solu- 
tion was then used for titrations and for the observations on 
changes of optical rotation as a function of time. The results 
are recorded in Tables III and IV. 














THE NUTRITIVE VALUE OF PLASTEIN. 
By HOWARD H. BEARD. 


(From the Laboratory of Biochemistry, School of Medicine, Western Reserve 
University, Cleveland.) 


(Received for publication, November 17, 1926.) 


Plastein formation was first observed by Danilevski and 
Okuneff (1), who showed that if rennin is brought into contact 
with a solution of proteoses a precipitate is formed. They re- 
garded this precipitate as a resynthesized protein. Since that 
time several investigators, Kurajeff (2), Niirnberg (3), Gross- 
mann (4), and Sawjalow (5), have studied this so called plastein 
formation. The last named investigator thought that it is an 
assimilation product of first importance, and that it is the inter- 
mediate product between digested proteins and the formation of 
blood proteins. 

Among the more recent investigators, Henriques and Gjaldbik 
(6, 7) also demonstrated that pepsin could induce plastein for- 
mation from peptic digests, and they believed it to be a synthetic 
product, possibly a mixture of proteoses. Levene and Van 
Slyke (8, 9) carried out a complete hydrolysis of plastein, and 
found that it yields at least thirteen amino acids. They were also 
inclined to the view that it is proteose rather than protein in 
nature. 

It has long been a disputed question as to whether plastein is 
merely a digestion product, a resynthesis of the origina! protein, 
or a new synthetic product differing from the protein from which 
the proteoses are obtained. The recent investigations of Was- 
teneys and Borsook (10-13) would seem to be conclusive evidence 
that it is a true synthetic product of protein nature. It thus 
seemed of interest to test this hypothesis further by feeding tests. 
The object of this investigation was, therefore, to ascertain 
whether this unique and evidently “artificial”? product exhibits 
the properties of a so called protein when judged by the feeding 
method. 

477 
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EXPERIMENTAL, 


Hydrolysis ——The commercial egg white of Innis Speiden was 
employed for the preparation of plastein. 1 liter of a 6 per cent 
solution was brought to a pH of 1.7 electrometrically, and then 
digested at 37°C. with 3 gm. of Eimer and Amend’s pepsin. Chlo- 
roform was added as a preservative. The reaction was adjusted 
to pH 1.7 at frequent intervals during the hydrolysis. At the 
end of 10 to 15 days no precipitate was observed in the presence 
of 3 per cent trichloroacetic acid. 

Synthesis—The hydrolysate was next concentrated on the 
water bath to 40 per cent, calculated on the basis of original 
protein, brought to a pH 4, 1 per cent pepsin added, and the 
whole placed in large beakers in an electric oven at 60°C. After 
4 hours the plastein was separated by dilution, filtration, washing 
with water, and drying. The final product was crystalline and 
resembled the original egg white, except that it was darker in 
color. 

Several attempts were made in the present investigation to de- 
termine whether the precipitate would form in the absence of the 
pepsin, with the result that no formation took place until it was 
added, thus clearly demonstrating the reversibility of the enzyme 
action. 

Female white mice were used as the experimental animals. 
The feeding and caging were the same as that described elsewhere 
(14). The control group received coagulated egg white, while 
the experimental animals received an equivalent amount of plas- 
tein, synthesized from the egg white. The composition of the 
diets was as follows: 














Per cent | | Percent 
Control. | of total Experimental. | of total 
calories, calories. 
| gm, ™m 
Coagulated egg white.| 31 25 ee 31; 25 
EN cinwapaenncne con ae 31 _ ERR 38 31 
IR iis ie acuenekeee oid 21 39 REE eee ee 21 39 
Salt mixture*.......... | 7 Salt mixture*......... 7 
Cod liver oil........... 3 5 Cod liver oil.......... 3 5 
Dried yeast, 100 mg. Dried yeast, 100 mg. 
tablet daily......... tablet daily........ 





*Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1919, xxxvii, 572. 
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Chart 1 shows that growth was somewhat slower with plastein 
than with egg white. The food intake of the experimental ani- 
mals was in practically all cases the same as that of the controls. 
If the curves are examined at the end of the experimental period 
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Cuart 1. Comparison of the growth of female mice upon egg white 
and plastein as the sole source of protein in the diet. 


of 3 months, it will be seen that there is at this time little difference 
in the growth, as revealed by body weight, between the two groups. 
In some cases the experimental animals made a better gain in 
weight than their controls in the same length of time. 
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As the preparation of the plastein was time-consuming, only 
fifteen animals were used in the experimental group. They were 
kept on the diet, however, for a period sufficient to demonstrate 
normal growth in the mouse (14). The hydrolytic products of 
the egg white were not fed as an additional control test, as it was 
very difficult to prepare this material in suitable condition for 
feeding. Furthermore, successful feeding trials with pepsin- 
digested egg white were not considered of any value in this in- 
vestigation. 


SUMMARY. 


1. Plastein has been prepared from the hydrolytic products of 
commercial egg white by the method of Wasteneys and Borsook, 
who have shown chemically that this material is of the order of 
a native protein. 

2. Feeding tests demonstrate that plastein from egg white 
digest satisfies the nitrogenous needs of the growing organism. 

3. It is also shown that plastein can replace egg white as the 
sole protein in the diet of mice. 
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ON THE NATURE OF THE URINE SUGARS. 


By H. 8. EAGLE. 


(From the Chemical Division, Medical Clinic, the Johns Hopkins University, 
Baltimore.) 


(Received for publication, November 3, 1926.) 
INTRODUCTION. 


In spite of an extensive literature, and numerous methods of 
attack, the nature of the urine sugars is still in doubt. Following 
the early work of Baisch (1), Pavy and Siau (22), Breul (8), and 
others, it had seemed clearly established that the normal daily 
output of urine contained from 0.3 to 1.9 gm. of non-nitrogenous 
reducing substances, of which glucose constituted from 30 to 60 
per cent. That glucose was present seemed definitely proven by 
the optical rotating powers of urine, by its fermentation with 
yeast, with the production of carbon dioxide, by the formation 
of benzoyl glucose when urine was shaken with benzoyl chloride, 
and the formation of an osazone in all respects identical with 
glucosazone (1). The close agreement in the value for glucose as 
obtained by fermentation and polariscopic determinations seemed 
conclusive. 

That the urine does contain non-nitrogenous reducing sub- 
stances simulating sugars, is recognized by almost all recent 
workers (5, 11, 13, 15, 16, 18, 21). The concentration of these 
substances has been found to vary from 0.01 to 0.2 per cent, 
representing a daily excretion of from 0.25 to 1.6 gm. Whether 
even a portion of this is true glucose, however, has become very 
doubtful. For the optical rotation measured by Baisch (1) is of 
very small magnitude, and in view of the complexity of urine, it 
is impossible to ascribe such rotation to glucose. Hést (15) has 
been unable to form glucosazone by heating urine with phenyl- 
hydrazine, using a method sensitive to 0.05 per cent of glucose. 
Osazones are formed, it is true, but they differ in size, shape, 
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color, and arrangement from glucosazone. The formation of 
carbon dioxide upon incubating urine with yeast is negatived by 
Lund and Wolf (16). 

Recently, however, Benedict (6) has found that the ingestion of 
carbohydrates is followed by an increased sugar output in the 
urine, and that the consumption of glucose causes a corresponding 
increase in the fermentable fraction of urine sugar. He has 
therefore suggested that the term glycosuria, implying the sudden 
appearance of a sugar hitherto absent, be replaced by the term 
glycuresis, signifying merely a quantitative change, an increase 
in sugar excretion. It is evident that he considers glucose nor- 
mally present in urine, and glucuresis, an increase in glucose 
excretion following its ingestion, to be a physiological occurrence, 
a specific example of the more general term glycuresis. Accord- 
ingly, the sugar in diabetic urine would represent, not a pathologi- 
cal breakdown in an absolute tolerance, but only a quantitative 
exaggeration of a preexisting normal excretion. To safeguard the 
kidney, he proposes prophylactic limitation of carbohydrate intake 
even in normal people. 

The validity of this conception has been greatly discussed 
within the last few years. Folin and Berglund (11) have taken 
a diametrically opposed position: there is a true glycuresis after 
every carbohydrate meal, consisting entirely of foreign carbo- 
hydrates present in grains, nuts, and fruits, and of decomposition 
products formed in process of preparing food. Glucose is nor- 
mally not present in urine, and appears only when a certain 
critical level of tolerance has been exceeded. Glucose ingestion 
up to 200 gm. fails to break down this barrier and does not cause 
a perceptible increase in the excretion of urine sugar. In view of 
these findings they are inclined to discount the significance of 
yeast fermentation. Benedict (4), in an analysis of their data, 
calls attention to a slight increase in the excretion of urine sugars 
following glucose intake, and points out that such an increase is 
proof for the presence of glucose normally, and the validity of his 
concept of glycuresis. But Hést (15) as well as Greenwald, Gross, 
and Samet (13) also finds that the ingestion of glucose causes no 
increase in the excretion of urine sugar and both conclude that 
the so called urine sugars represent by products of metabolism. 


= 


Yet Blatherwick and her coworkers (7) confirm Benedict’s find- 
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ings, and ascribe the non-fermentable fraction of urine sugar to 
by products of protein metabolism. 

The results of fermentation experiments are no less confusing, 
to a great extent due to lack of uniformity in method. Shaffer 
and Hartmann (23) report no decrease in sugars following in- 
cubation with yeast, but give no details as to method. Green- 
wald, Gross, and Samet (13) obtain variable results upon incubat- 
ing at 37-38° for 24 hours, and place no reliance in the results 
obtained by fermentation methods. Most workers find a 20 to 
70 per cent decrease in amount of reducing substances upon 
incubation with yeast, a decrease which is usually ascribed to the 
presence of glucose. Yet as already noted, Lund and Wolf (16) 
are unable to demonstrate formation of carbon dioxide, and Hést 
fnds that while glucose is fermented under his conditions in 
24 to 48 hours, the decrease in urine sugars is not completed in 
less than 48 to 72 hours. And very recently, Patterson (21), by 
the addition of toluene to the urine inhibits what she takes to be a 
bacterial decomposition, and obtains no fermentation under 
conditions in which glucose is completely fermented within 17 
hours. 


I. Scope of Present Investigation. 


The present experiments grew out of some work upon blood 
sugar fermentation, in the course of which we were able to confirm 
the finding of Hiller, Linder, and Van Slyke (14) that, using 
proper methods, the fermentation of blood sugar by yeast is 
completed within 20 minutes. In the light of this finding, it was 
somewhat surprising to note that as far as could be ascertained, 
none of the previous work upon urine had involved fermentation 
for less than 17 hours, many workers fermenting urine for as long 
as days, by which time bacterial decomposition is quite evident. 
As will appear, we were able to show that any glucose present in 
urine might, under proper conditions, be completely fermented 
within 40 minutes. Using this method as the basis for glucose 
determinations, the effect of foods and especially of glucose upon 
the excretion of urine sugars was then investigated. 

In these determinations, Benedict’s recent copper and tung- 
state reagents (2) were used. They were found to yield consistent 
results over a wide range, the values for urine sugar being slightly 
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lower than those obtained by using the Folin-Wu reagents (12), 
The green color of the blank which makes their use impossible in 
blood fermentation, here, because of the lesser dilution (1:4 
instead of 1:10) makes readings difficult only for solutions con- 
taining less than 0.01 per cent sugar. The new alkaline copper 
tartrate and molybdic acid reagents suggested by Folin (9) for 
use in blood and urine were found to be useful only for blood sugar 
determination. In making determinations of urine sugar by 
this method, fully 20 to 30 per cent of sugar added to urine is not 
recovered. An extensive series of determinations has shown 
that the loss is due to some substances dissolved from the Lloyd’s 
reagent used, substances which, as Benedict has suggested, 
probably remove hydroxides and: carbonates from solution when 
the alkaline reagent is added.' 


II. Fermentation of Glucose in Pure Solution. 


To each of a series of flasks were added 5 ce. of glucose solutions 
of varying concentration and 3 cc. of the yeast suspension described 
by Hiller and Van Slyke in blood sugar fermentation ;? the mixture 
was shaken and incubated at 37-38° for varying intervals. 
Upon withdrawal from the incubator, each mixture was diluted 
to 20 cc. and shaken with Lloyd’s alkaloidal reagent in order to 
secure a water-clear filtrate. Determinations were made upon 
2 cc. of filtrate, using appropriate standards. The results are 
tabulated in Table I. 

It is quite evident that glucose within the physiological range 
of concentration is completely fermented within 40 minutes. 
Two factors are of great importance in determining the speed of 
fermentation, and explain the failure of previous workers to obtain 
complete fermentation in less than 17 hours. The first of these is 
the use of inadequate quantities of yeast. The dilution used in 


1In his last communication, published after this study had been com- 
pleted (Folin, O., and Svedberg, A., J. Biol. Chem., 1926, Ixx, 405), Folin 
suggests a method of overcoming this difficulty. 

2 One cake of Fleischmann’s yeast suspended in 20 cc. of water. There are 
thus obtained 32 cc. of suspension. The water content of a cake of yeast 
being 9 cc. (14, 17), 3 cc. of the suspension represent 3°; X (20 + 9) = 
2.72 cc. of water. In the final dilution of 20 cc. this represents a percentage 
error of 1.4 per cent, which is well within limits of accuracy of the method. 
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the foregoing experiment corresponds to 16.4 per cent by weight 
of yeast cake. 

None of the earlier workers (1, 8, 22) gives the exact quantity 
of yeast used. MacLean (17) simply mixed urine well with 
yeast. Oppler (20) used 1 ce. of yeast to 100 ce. of urine—a maxi- 
mum of 0.63 per cent by weight of yeast cake. Hdést (15) added 
yeast to 5 per cent, and Patterson (21) to 0.5 per cent. Benedict 
(3) and most of the subsequent workers (7, 13, 19, 24) have used 
quite sufficient quantities; viz., } cake of yeast to 20 cc. of urine, 
17.5 per cent of yeast by weight. If is difficult to see why none 
of the workers who have been using yeast in quantities suggested 
by Benedict, a quantity sufficient for rapid fermentation, has 
commented on the discrepancy in the relative speeds of fer- 
mentation of glucose and of urine. 


TABLE I, 
Glucose is completely fermented in 40 minutes at 37-38°. 














Glucose. | 10 min, | 20 min. | 30 min. | 40 min. 

a per — ae fe ; 
0.020 0.005 0.005 0.003 0.003 
0.049 0.003 0.003 0.003 | 0.003 
0.100 0.030 | 0.016 | 0.003 | 0.003 
0.400 0.160 | 0.025 | 0.003 

| 0.003 =| 0.003 | 0.003 0.003 





Blank. 





But just as important as the amount of yeast used is the volume 
of fluid incubated. For, within 10 to 15 minutes after being 
shaken, most of the yeast has settled as a compact layer in the 
bottom of the flask, covered by a relatively slightly cloudy sus- 
pension. The bulk of fermentation takes place in the lower 
layers of fluid to which yeast has gravitated. Obviously, in the 
large volumes of urine usually used, doubling the quantity of 
yeast will not speed up fermentation as much as halving the 
volume of fluid. 


III. Fermentation of Urine Sugar. 


When the method used for pure glucose solutions was applied 
to urine, however, difficulty was encountered. 5 cc. of urine 
were shaken with 3 cc. of the yeast suspension and incubated at 
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37-38°. Following incubation there were added 7 cc. of water 
and 5 ce. of 0.1 N H2SOx,, and the mixture shaken with 1.5 gm. of 
Lloyd’s alkaloidal reagent for 2 minutes, a procedure suggested 
by Folin for the removal of most of the interfering substances in 
urine (10). As appears in Table II, far from an immediate 
decrease, there is a gradual increase in the amount of reducing 
substances extending over several hours, followed by an even 
slower decrease over several days. It is this decrease which most 
workers have ascribed to a true fermentation of glucose. Yet, 
confused as results were by this initial increase due to a puzzling 


TABLE II. 
Incubation of urine with yeast leads to slow formation of reducing 
substances, obscuring the fact that glucose is completely fermented within 
30 to 40 minutes, with a subsequent slow decrease over 48 hours. 











as | 20 min. | 40 min. | 2 hrs. 2hrs. | 48hrs, 
im cent oe wae | | + 

1. 0.068 | 0.090 0.121 0.110 0.082 0.050 
1’. 0.264 | 0.120 0.093 0.105 0.070 

2. 0.022 0.030 | 0.056 0.070 0.015 0.005 
2’’. 0.123 0.032 0.060 0.072 0.020 0.003 
3. 0.084 0.094 | 0.106 0.094 0.030 0.060 
4. 0.065 | 0.073 0.070 0.060 0.020 0.020 
5. 0.028 0.033 0.032 0.024 0.020 0.029 


Blank. 0.003 0.003 0.003 0.005 0.005 








1’ = 1 + 0.200 per cent glucose. 
2”=1+0.100 “ = 


reaction between urine and yeast, it was apparent that any 
glucose added to urine was completely fermented within 40 
minutes, as shown in Table II. 

It was obviously impossible to decide upon the presence or 
absence of glucose until this extensive formation of reducing 
substances could be eliminated. A pH to either side of the 
neutral point of phenolphthalein retarded, but did not prevent, 
the urine-yeast reaction. It was finally found that if the urine 
was shaken with Lloyd’s reagent preliminary to fermentation, 
those substances in the urine responsible for the confusing reaction 
were entirely removed. 
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To 5 ce. of urine were added 10 ce. of water and 5 ce. of 0.1N 
sulfuric acid and the mixture shaken with 1.5 gm. of Lloyd’s 
reagent (Folin (10)). To 10 ec. of the 13 to 14 ce. of filtrate thus 
obtained were added 3 cc. of yeast suspension and the whole 
incubated at 37-38°. Determinations were made upon 2 ce. of 
filtrate from the mixture. As before, the addition of 0.5 gm. of 
Lloyd’s reagent prevents the passage of yeast through the filter 
paper. To allow for the dilution with yeast suspension, the 
results obtained are multiplied by 1.27 (3 ce. of yeast suspension 
= 2.72 ec. of water). 

TABLE IIL. 

No fermentation occurs in the filtrates from urines shaken with Lloyd’s 

alkaloidal reagent, although glucose added is quantitatively fermented 


within 40 minutes. 


Reducing substances. 20 min, 40 min. 2 hrs. } 48 his. 
_ per cent ==, | "ta 
1. 0.033 0.033 0.035 0.034 0.006 
1’. 0.235 0.048 0.037 0.036 0.006 
| | 
2. 0.055 0.052 | 0.057 0.059 0.030 
2”. 0.152 0.063 0.056 0.057 0.035 
3. 0.089 0.092 0.090 0.090 0.050 
4. 0.075 0.080 0.078 0.074 0.032 
5. 0.044 0.041 0.046 0.045 0.035 
Blank. 0.003 0.003 0.003 0.003 0.005 


1’ = 1 + 0.200 per cent glucose. 
2”=1+4+0.100 “ ’ 


It is evident from Table III that the preliminary shaking with 
Lloyd’s reagent has removed from urine whatever substance was 
responsible for the production of reducing substances upon incuba- 
tion with yeast. There is now found an extremely slow decrease in 
apparent value of urine sugar over a period of days, a decrease 
which cannot be attributed to glucose fermentation, for any glucose 
added to urine is quantitatively fermented within 40 minutes. 
Yet the same urines which, after treatment with Lloyd’s re- 
agent, fail to show any fermentation in 40 minutes, will, when 
incubated directly with yeast, show a decrease of 20 to 70 per 
cent in 24 hours, as shown in Table IV. Such a decrease is, 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXXI, NO, 2 








488 Urine Sugars 


therefore, not due to glucose fermentation, occurs even in the 
Lloyd’s filtrate on prolonged incubation, and, as has been 
suggested by recent workers, is possibly due to bacterial 
decomposition. 


IV. Effect of Ingestion of Pure Glucose upon Urine Sugar Excretion. 


100 gm. of glucose in 500 cc. of water, flavored with coffee to 
prevent nausea, were given to eight patients, the last previous 
meal having been eaten on the preceding night, and blood obtained 
as in tolerance test, after } hour, 1 hour, and 2 hours. Urine 
was obtained just before glucose ingestion and every half hour 


TABLE IV. 


Changes in reducing value of urine upon incubation with yeast over long 
intervals do not represent true fermentation of glucose. 





Fermentation of Lloyd's 











ees | Direct fermentation of urine with yeast. | filtrate. 
40min, | hrs, | 48hrs, | 40min, | 24hres. 
1. 40* | 59 25 | 20 43 | 20 
2. 85 | 9% | 4 | 8 CO 60 
3. 112 | 134 | 40 | 68 116 72 
4, 67 | 3 | 21 | 15 65 38 
5. 75 | 91 50 | 75 
6. 87 | 97 26 CO 6 83 39 
:. & | 65 12 | 19 44 27 
8. 212 | 115 62s 23 82 75 
9. 374 | so | 92 83 











* Figures represent mg. of reducing substances per 100 cc. of urine. 


thereafter over several hours. To facilitate diuresis, 60 cc. of 
water were given by mouth every half hour. Of the subjects two 
were known diabetics, two were normal, and four were patients 
with chronic arthritis, none of whom, so far as was known, had 
any difficulty in metabolizing carbohydrates. Of the arthritic 
patients, two had normal blood sugar curves, and two showed 
examples of the so called “prediabetic” curve. The results are 
tabulated on the following pages. 

In all the normal (and arthritic) patients, the fasting urine 
specimen was absolutely free of glucose. In some of these it 
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remained so throughout the experiment (Table V). In others 
(Tabie VI) no sugar appeared until a certain critical level of 


TABLE V 
No appearance of glucose in urine after ingestion of 100 gm. of glucose by 
arthritic subject. 











Blood. Urine. 
—— bec 
| 
Time. Sugar. | Time. | Volume | Non- | Fer- | Non- | Fer- 
} | Total. |ferment-| ment- |ferment-| ment- 
| able. | able. able.t able.t 
-—_ per cent | o - omens per cent | per cent mo. | mg. 
| 
9.30 | 0.082 9.25 68* 0.084 | 0.082 28.5 | 
10.00 | 0.153 | 9.55] 30 | 0.095 | 0.097 | 28.5 
10.30 0.183 | 10.25 30 | 0. 053 | 0.050 | 15.9 
11.00 | 0.148 | 10.55 210 0.018 0.018 | 37.8 | 
11.30 | | 11.25] 120 | 0.020 | 0.019 | 24.8 | 
12.00 | 0.090 | 11.55; 125 | 0. 019 | 0.020 23.8 








* 2 hours excretion. 
t Mg. excreted per half hour. 
Glucose ingested at 9.31. 
TABLE VI. 
Temporary overflow of glucose into urine after ingestion of 100 gm. of 
glucose in normal subject. 




















Blood. Urine. 
ae | iy ; | = | Sugar. 
Time. | Sugar. | Time. | Volume. ees | in | Fer- Non- ” ‘Fer 
| | Total. |ferment-| ment- |ferment-| ment- 
| able. | able. able.* able.* 
a 7 per a | > ce. | a ont | per cent | ores cent | = | mg. 
10.16 | 0.082 | 10 0 | sent | 0.020 | 0.021 | | 6.4 | 
10.46 | 0.126 | 10.49 | 33(?)| 0.022 | 0.020 | | 7.2 | 
11.30 | 0.102 | 11.19 | | 48 | 0.103 | 0.026 | 0.075 | 12.5 | 36 
| 11.49 | 48 | 0.033 | 0.021 | 0.012 | 10.8 5.8 
12.16 | 0.090 | 12.19} 76 | 0.020 | 0.022 | | 16.8 | 





* Excretion per half hour. 
+3 hours excretion. 
Glucose taken at 10.17. 


blood sugar was reached, whereupon there was a sudden appear- 
ance of fermentable sugar in the urine, in some cases in large 
quantities, in others only in traces. Following its initial appear- 
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ance, the excretion of glucose continued even after the blood sugar 
had fallen below its original critical level, but in all the patients, 
sugar had disappeared from the urine by the 3rd_ hour. 

In the diabetic patients, glucose was found in urine even at the 
fasting level of blood sugar as shown in Table VII. It is to be 
remembered, however, that this is not necessarily true of dia- 
beties, some of whom develop even an increased tolerance for 
sugar. 

In most of the patients tested there was noted, during the 2nd 
hour after ingestion of glucose, an increase in the excretion of 
non-fermentable carbohydrate. Whether this is due to varia- 

TABLE VII. 

Constant overflow of glucose into urine before and after ingestion of 

100 gm. of glucose by a diabetic patient. 


Blood. Urine. 

: 2 Sugar. 
Time Sugar Time Volume Non- Fer- Non- Fer- 
Total. |ferment-| ment- |ferment-| ment- 
able able able.* able.* 

per cent ee. per cent per cent per cent mo. m 

10.00 0.200 10.05 65 0.175, 0.090 0.085; 58.5 | >200 
10.30 0.275 10.35 50 |>0.500 0.110 |>0.500) 55.0 | >200 
11.00 0.365 11.05 73 |>0.500 (? >0.500 ? >200 


11.35 30 |>0.500 0.080 |>0.500) 24.0 | >200 
12.00 0.372 12.05 85 |>0.500 0.070 |>0.500; 59.6 | >200 


* Excretion per half hour. 
Glucose taken at 10.02. 


tions in the rate of urine secretion which become evident on taking 
specimens over short intervals of time, whether it is due to for- 
eign carbohydrates supplied by the coffee used to flavor the sugar 
solution, or whether the mobilization of carbohydrates in blood 
affects the non-fermentable as well as the fermentable fraction, we 
are unable to say. 

It is this increase which has led Benedict to believe that glu- 
cose is normally excreted in quantities which may be increased 
by its ingestion. A faulty method of fermentation apparently 
confirmed the fact. It has been seen, however, that the increase 
is altogether in the non-fermentable fraction, and can by no 
means be ascribed to glucose excretion. 
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V. Effect of Commercial Glucose and an Ordinary Meal upon 
Excretion of Urine Sugar. 


Objections have been raised (4) to such experiments as the 
foregoing that the shock caused the organism by the ingestion of 
very large quantities of carbohydrates may well prevent a glu- 
curesis which would occur from the feeding of more moderate 
quantities of glucose. To test this, two normal individuals took 
small amounts of commercial glucose (chocolate) as the first food 
taken in the morning. The figures do not include volume of 
excretion, but the qualitative results seem definite (Table VIII). 


TABLE VIII. 
Ingestion of commercial glucose by normal subjects results in an in- 
creased excretion of non-fermentable reducing substances, but not of glu- 
cose unless tolerance has been exceeded. 


Sugar. 
¥ Non- ney 
Total. RRR oy Fermentable. 
per cent per cent per cent 
a. Fasting..... 0.019 0.020 
b. 10 gm. of glucose 0.028 0.027 
a. Fasting..... 0.033 0.036 
b. 30 gm. of glucose 0.085 0.088 
a. Fasting... 0.036 0.034 
b. 20 gm. of glucose 0.053 0.051 
a. Fasting 0.045 0.047 
b. 85 gm. of glucose 0.110 0.090 0.025 


a, collected 15 minutes before taking glucose. 
b, collected approximately 1} to 2 hours after taking glucose 


In only one case did glucose at any time appear in the urine, 
and this was after the ingestion of a quantity of glucose which 
may well have exceeded the tolerance of that individual. The 
marked increase in the concentration of non-fermentable reducing 
substances after the ingestion of the chocolate is too uniform to 
be an accident of secretion and is probably due to the non-glucose 
carbohydrates present in the material ingested. 
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TABLE IX, 
Ingestion of an ordinary meal by normal subjects results in an increased 
output of non-fermentable reducing substances, but not of glucose. 











Sugar. 
Total. J Fermentable, 
" 
per cent | per cent | per cent 

a. Before meal....... 0.019 | 0.022 | 
b. After wary ee eae ie 0.084 | 0.080 | 
re a 0.044 0.042 
b. After  aeuseens ue eae 0.100 0.104 
ee ka tacdsws eetanctiee 0.035 0.031 | 

0.078 


b. After het ares ne et ee on 0.075 





a, collected 10 minutes before meal. 
b, collected approximately 1 to 2 hours after meal. 


TABLE X. 
In the non-fasting subject, the ingestion of commercial glucose or a 
miscellaneous meal does not cause appearance of glucose in the urine. 





| Non- 
| fermentable 


Tctal urine 


—— | urine sugars, 

per wm "y | ; eens ‘i 
sais a ee a... aL... 
gh ddgon wn canans Cw ae | 6}|lCU 

| 

2. Before “ .... navies seeeeeessf 0.020 | 0.017 
After ws ciptiecn<s sat sae 0.052 
3. Before “ ... is cesses} 0.036 = | ~~ 0.087 
After Pe .| 0.078* 0.083 
4. Before 50 gm. of glucose. . 0.059 0.063 
After 3“ “ = : ere 0.068* 0.064 
5. Before 50 “* * ii 0.083 0.080 
After 53“ “ a j 0 .047* 0.043 

* Since volume of urine secretion was not measured, these figures repre- 


sent qualitative changes only. 
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In six normal individuals, following an ordinary mixed meal 
including bread, meat, milk, potatoes, and fruit in varying quanti- 
ties and combinations, there was a marked increase in the excretion 
of non-glucose reducing substances, both in concentration and 
total output. But in no case was fermentable sugar present 
either before or after the ingestion of food (Table IX). 

The threshold tolerance for glucose, indicated by the foregoing 
experiments, is not peculiar to the fasting state. The ingestion 
of commercial glucose and of a miscellaneous meal by non-fasting 
individuals approximately 5 hours after the preceding meal, gives 
results qualitatively similar to those obtained in fasting subjects. 


SUMMARY AND CONCLUSIONS. 


By incubating urine at 37-38° with appropriate quantities of 
yeast, any glucose present up to 0.4 per cent may be quantitatively 
fermented within 40 minutes. The presence of glucose in con- 
centrations as low as 0.010 per cent may thus be determined, 
provided certain substances in urine which obscure the results of 
fermentation are first removed. Lloyd’s alkaloidal reagent, 
suggested by Folin for use in determination of urine sugar, has 
been found to be useful also in this regard. 

Using this method, it is found that glucose is not normally 
excreted in the urine. What has heretofore been considered to 
be glucose, fermentable by yeast, is in reality a group of sub- 
stances which only gradually decompose under the conditions of 
fermentation, possibly due to bacterial decomposition. Such 
decomposition is a matter of days, while the fermentation of 
glucose is completed in less than an hour. It is these substances 
which are partially removed by the preliminary shaking of urine 
with Lloyd’s reagent. 

Until a certain critical level of blood sugar has been reached, 
the kidney interposes an absolute barrier against the excretion of 
glucose. The ingestion of moderate quantities of glucose by the 
normal individual fails to exceed this threshold value, and is 
accordingly not followed by the appearance of even traces of 
glucose in the urine. It is only when such large quantities as 
100 gm. of glucose are taken that this critical level of blood sugar 
is exceeded in a certain proportion of normal individuals, and 
then only does fermentable sugar appear in the urine. Once 
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begun, however, the excretion of glucose continues even after 
the blood sugar has receded to below this level. 

It is quite doubtful whether the normal individual, on an average 
diet, ever shows true glucose in the urine. The increase in urine 
sugar following food (and glucose) intake, discovered by Benedict 
and termed by him glycuresis, represents, not glucose, but non- 
fermentable substances. In the case of food it is probably true, 
as has been suggested, that these are either foreign non-assimilable 
varbohydrates originally present in the food, or decomposition 
products formed in the process of preparing food or of its digestion. 
The increase in their excretion following the ingestion of glucose 
is somewhat difficult to understand, and may be due to any of 
several factors suggested: variations in the rate of secretion, a 
trace of impurities in the glucose used, or a mobilization of these 
substances in the blood coincident with the rise in blood sugar. 


I wish to express my thanks to Dr. W. A. Perlzweig, whose kind 
advice and cooperation at every turn have made this investigation 


possible. 
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THE OXIDATION OF 5-AMINOURACIL. 


By OSKAR BAUDISCH anp DAVID DAVIDSON. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, November 16, 1926.) 


The results obtained by the authors in the oxidation of isobar- 
bituric acid I' by means of ferricyanide have led them to a study 


NH—CO NH—CO 
a | | 
CO COH CO CNH: 
| | 
NH—CH NH—CH 
I. II. 


of the behavior of this reagent toward other 5-substituted pyrim- 

idines, of which 5-aminouracil II will be discussed in this paper. 
Earlier investigators have shown that bromine water converts 

5-aminouracil into isodialuric acid III? while permanganate splits 


NH—CO NH—CO—COOH 
| | 
CO CO CO 
| | | 
NH—CHOH NH—CHO 
III. IV. 


the ring producing formyl-oxalylurea IV.’ As in the case of 
isobarbituric acid! ferricyanide here too yields a unique oxidation 
product. 
It was anticipated that just as the corresponding hydroxy 
compound (isobarbituric acid I) yields diisobarbituric acid V 
1 Davidson, D., and Baudisch, O., J. Biol. Chem., 1925, Ixiv, 619. 


* Behrend, R., and Roosen, O., Ann. Chem., 1889, ecli, 235. 
3 Offe, G., Ann. Chem., 1907, eccliii, 278. 
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NH—CO CO NH NH—CoO co NH 

| ! | | | 

CO COH COH CO CO CNH. CNH: CO 

| | 

NH—C C NH NH—C —C NH 
V. VI. 


so 5-aminouracil II might yield 5,5’-diaminodiuracil. The 
reaction probably proceeds through this stage but analysis of 
the reaction product leads to the conclusion that oxidation con- 
tinues further. If initial linking of the 4 carbons of two amino- 
uracil rings be assumed, the ferricyanide could then act in its 
characteristic manner* upon the two juxtaposed amino groups 
and thereby produce a double bond between the nitrogen atoms 
involved. Thus a third cycle—the pyridazine ring VII— would 
be formed and there would result the tricyclic diuracil pyridazine 


VIII. 


C C 
a 
C 

VII. 
NH—Co CO—NH NH—Co CO—NH 
| | | | | | | | 
| | | 
CO © N N—C CO or CO C:N—N:C CO 
| | | | | | | 


es NH—C———— C—_ NH 
VIII. 


EXPERIMENTAL PART. 
5-Aminouracil was prepared by the method of Johnson and 
Matsuo’ from 5-nitrouracil.® 
Diuracil Pyridazine.—A chilled, filtered solution of 38.8 gm. of 
potassium ferricyanide in 250 ec. of water was gradually added 
with mechanical stirring to a chilled, filtered solution of 8.9 gm. of 
4 Bamberger, E., and von Goldberger, A., Ber. chem. Ges., 1898, xxxi, 2689. 


5 Johnson, T. B., and Matsuo, I., J. Am. Chem. Soc., 1919, xli, 782. 
6 Davidson, D., and Baudisch, O., J. Am. Chem. Soc., 1926, xlviii, 2379 
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potassium hydroxide and 5 gm. of 5-aminouracil in 150 ce. of 
water. Almost at once precipitation of the brick-red potassium 
salt of diuracil pyridazine began. Complete precipitation of the 
product was secured by stirring for a few minutes after all the 
ferricyanide had been added. After passing in CO, to insure 
absence of alkali the reaction mixture was centrifugalized, the 
product washed by suspending in | per cent KCl and centrifugal- 
izing again. After a second washing, the salt was suspended in 
alcohol, filtered, and washed with alcohol. In this manner, the 


‘ 


product was conveniently obtained as a fine powder. From a 
dilute solution of the potassium salt, silver nitrate precipitates a 
deep wine-colored silver salt. 

To obtain the free pyridazine, the potassium salt was suspended 
in water and poured into 200 ce. of hot water containing an 
excess of hydrochloric acid. The highly insoluble diuracil pyrid- 
azine separated immediately in orange-yellow diamond-shaped 
platelets. On cooling, the material was centrifugalized and then 
washed with water and alcohol as in the ease of the potassium 
salt. Yield 2.5 gm. (51 per cent of theory). 

Analysis. 


CsH,O.Ns. Calculated. C 38.69, H 1.63, N 33.88. 
Found. ** 38.74, “ 1.84, “ 33.66. 


Diuracil pyridazine does not melt below 300°. It is insoluble 
in common organic solvents, very sparingly soluble in water, 
soluble in concentrated H.SO,;. When strongly heated in a tube 
it decomposes while a reddish yellow sublimate is produced, 
which dissolves in organie solvents and water to give strongly 
fluorescent solutions. It is unattacked by concentrated nitric 
acid or bromine water. With sodium hydroxide it at first forms 
the insoluble red sodium salt but dissolves in excess of alkali to 
form a yellow solution with beautiful orange fluorescence. 
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CATALYTIC OXIDATION BY MEANS OF COMPLEX IRON 
SALTS. 


By OSKAR BAUDISCH anp DAVID DAVIDSON. 
(From the Laboratories of The Rockefeller Institute for Medical Re: earch, 
New York.) 
(Received for publication, November 16, 1926.) 


The observation of Manchot' that sodium pentacyano-ammine - 
ferroate? I absorbs oxygen has led Baudisch and his coworkers’ 
to study the catalytic action of this salt, as well as of its water 
analogue II, in the oxidation of pyrimidines and purines. The 
present authors have previously reported in this journal‘ on the 
nature of the oxidation products obtained. In the present paper 
the problem is considered from the standpoint of the catalyst. 
The work has been limited to sodium-pentacyano-ammine-fer- 
roate I because of the ready availability of this salt in a satisfac- 
tory state of purity. 








— en. -— — 
CN NH; |CN H,0 | 

1I | II 
CN Fe CN | Na; |\CN Fe CN | Na; 
|CN CN | CN CN 
au — — 

I. II. 


Theoretical. 


In the system: water, sodium pentacyano-ammine-ferroate, 
oxygen, organic molecule, the state of affairs may be represented 
by the following equations. 


1 Manchot, W., Ber. chem. Ges., 1912, xlv, 369. 

? Hofmann, K. A., Ann. Chem., 1900, ecexii, 1. 

’ Pfaltz, M. H., and Baudisch, O., J. Am. Chem. Soc., 1923, xlv, 2972. 
Pfaltz, M. H., J. Am. Chem. Soc., 1923, xlv, 2980. Baudisch, O., and Bass, 
L. W., J. Am. Chem. Soc., 1924, xlvi, 184. 

‘ Baudisch, O., and Davidson, D., J. Biol. Chem., 1925, Ixiv, 233. David- 
son, D., and Baudisch, O., J. Biol. Chem., 1925, lxiv, 619. 
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H,O = Ht + OH- (1) 


302 (Gas) 


LT 


H* + 30, (Dissolved) + 2e = OH- (2) 
Na;[FeCN;-NH;] <2 [FeCN;-NH;]--~- + 3Nat (3) 
[FeCN;-NH;]--- = [FeCN;-NH;]-~~- + e (4) 
O02 (Gas) 
11 
(2) + (4) H* + 40, (Dissolved) + 2[FeCN;-NH;]—--- — OH- 
+ 2{|FeCN;-NH;]~~- (5 


Equation 2 represents the tendency of hydrogen ion to react 
with dissolved oxygen, taking up 2 electrons to form hydroxy] 
ion. Equation 4 indicates the tendency of the complex ferroate 
ion to give up | electron to become the ferriate ion, while Equation 
5, which combines Equations 2 and 4, sums up the reactions 
involved. Though Equation 5 is actually not reversible yet it 
becomes so in the presence of an oxidizable organic compound 
such as a pyrimidine, which can act as an acceptor for the oxygen 
theoretically capable of being liberated. Since, moreover, the 
oxidation of the pyrimidine is certainly not reversible, the ferriate 
ion produced by the forward process of Equation 5 is continuously 
reduced to the ferroate ion by the pyrimidine present so that the 
complex ion, therefore, acts as an oxygen carrier or oxidation 
catalyst.° 


Apparatus. 


The course of the catalyzed oxidations represented in the 
accompanying charts was followed by measuring the oxygen 
absorbed. The Van Slyke amino apparatus® was adapted to 
this purpose. At the beginning of an experiment the apparatus 
was completely filled with water. By adjusting the stop-cocks 
properly the excess of water in vessel A was allowed to run out. 
The leveling bulb was lowered and about 65 ec. of oxygen passed 

5 In this connection see Smith, J. H. C., and Spoehr, H. A., J. Am. Chem 
Soc., 1926, xlviii, 107. 

6 Van Slvke, D. D., J. Biol. Chem., 1912, xii, 278. 
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from a reservoir into burette F through stop-cock c, which was 
then turned, and the leveling bulb raised above the apparatus. 
The compressed gas in the burette was now allowed to force out 
through stop-cock d the water contained in the vessel D. By 
this means the water originally in the apparatus was displaced by 
oxygen. Lowering the leveling bulb until the gas in the apparatus 
was below atmospheric pressure allowed solutions or suspensions 
to be drawn into the deaminizer D from its burette B. The 
volume of D having previously been found, the total volume of 
gas in the apparatus at any moment during an experiment was 
determined by reading the level of the water in burette /. 

In the experiments described the volume of solution used was 
20 ec. A suspension of the organic compound in 10 ce. of buffer 
solution was first introduced, followed by 10 ce. of a solution of 
proper concentration of the iron salt, prepared just before use 
in an evacuated test-tube. The shaker was operated at 500 
strokes per minute. The temperature was 20°C. (+2°) and the 
pressure 760 mm. (+10 mm.). The volumes recorded in the 
figures are of moist oxygen reduced to standard conditions. 

The buffer solutions employed were made up so that each 100 
ec. contained: for pH 2, 9.8 gm. of H;PO, + 9.1 gm. of KH2PO,; 
for pH 7, 7.1 gm. of NasHPO, + 4.5 gm. of KH.PO,; for pH 
12, 9.5 gm. of Na;sPO, + 0.4 gm. of KH.POx,. 


DISCUSSION OF RESULTS. 


As is seen from Equation 5 the oxidation of the pentacyano- 
ammine-ferroate ion by elementary oxygen involves hydrogen ion. 
It is, therefore, to be expected that the rate of oxidation of the 
complex ion will be dependent on the hydrogen ion concentration. 
That this rate is actually inversely proportional to the pH of the 
solution is seen in Fig. 1. 

It is also a consequence of Equation 5 that aside from other con- 
siderations the rate of reduction of the complex ferriate ion will 
be dependent on the hydroxyl ion concentration; that is to say, 
directly proportional to the pH. The ability of the pentacyano- 
ammine-ferroate ion to act as an oxygen carrier depends not only 
on the rate of oxidation of the complex ferroate ion by elementary 
oxygen, but also on the rate of reduction (in the presence of some 
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organic compound) of the complex ferriate ion (essentially the 
oxidation potential of the ferriate-ferroate mixture). Since these 
two rates are oppositely affected by the pH of the solution, it 
follows that what might be called the rate of oxygen carriage will 








Cc.02 absorbed 














100 25° 150 115 200 ( 


0 2 rn 
Time in minutes 


Fic. 1. The rate of oxygen absorption by the pentacyano-ammine- 
ferroate ion is inversely proportional to the pH of the solution. 

In each experiment, 1 millimol of the complex iron salt was dissolved 
in 20 ce. of buffer solution. Curve 1, pH 2; Curve 2, pH 7; Curve 3, pH 12, 
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have a maximum at some pH from which it will fall off on either 
side. These relations may be illustrated schematically as in Fig. 2. 

Besides the variation of oxygen carriage power with pH must 
also be considered the change of oxidizability or the “apparent 
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Fic. 3. The catalyzed oxidation of hydantoin is more rapid at pH 12 than 
at pH 7. 

In each experiment, 10 millimols of hydantoin were suspended in 20 ce. 
of buffer solution containing 1 millimol of sodium pentacyano-ammine- 
ferroate. Curve 1, pH 12; Curve 2, pH 7; Curve 3, pH 12 (without catalyst), 
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Fic. 4. The catalyzed oxidation of isobarbituric acid is more rapid at 
pH 12 than at pH 7. 

In these experiments, 5 millimols of the pyrimidine were suspended in 
20 ce. of buffer solution containing 1 millimol of catalyst. Curve 1, pH 1; 
Curve 2, pH 7; Curve 3, pH 12 (without catalyst); Curve 4, pH 7 (without 
catalyst). 
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oxidation potential’? of the organic compound. At all events the 
pH at which oxygen carriage to a given organic compound may be 
optimum will not necessarily be that at which the amount of 
oxygen absorbed by the pentacyano-ammine-ferroate ion itself 
is large as it is, for example, in acid solution, but may actually 
occur in the alkaline range where the oxygen absorption of the 
complex salt itself is relatively low. As a matter of fact in the 
investigated cases of hydantoin III® (Fig. 3), isobarbituric acid 
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Fic. 5. The rate of catalytic oxidation of 5-aminouracil is proportional 
to the concentration of catalyst (pH 12). 
In each experiment 5 millimols of the pyrimidine were suspended in 20 cc. 
of buffer solution which contained a varying amount of complex salt as 


follows. Curve 1, 2 millimols; Curve 2, 1 millimol; Curve 3, } millimol. 


IV° (Fig. 4) and aminouracil V,!° the optimum is somewhere on 
the alkaline side, since the rate of catalyzed oxidation is greater at 
pH 12 than it is at pH 7. 


NH—CO NH—CoO NH—CO 
| | | | | | 
co CO COH CO CNH, 
| | 

NH—CH; NH—CH NH—CH 
ITI. IV. V. 


7 Conant, J. B., Chem. Rev., 1926, iii, 23. 

8 Harries, C., and Weiss, M., Ann. Chem., 1903, ecexxvii, 369. 

9 Davidson, D., and Baudisch, O., J. Biol. Chem., 1925, lxiv, 619. 
10 Baudisch, O., and Davidson, D., J. Biol. Chem., 1927, |xxi, 497. 
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From Equation 5 it may be seen that the rate of oxygen car- 
riage will also be dependen* on the concentration of the complex 
ion. This relation is amp.; illustrated in the case of the oxidation 
of 5-aminouracil represented in Fig. 5. 
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Fic. 6. Pentacyano-ammine-ferriate and ferroate are equally efficacious 
as oxygen carriers (pH 12). 

Curve 1, 10 millimols of hydantoin with 1 millimol of ferrous salt. Curve 
2,10 millimols of hydantoin with 1 millimol of ferric salt: Curve 3, 5 mil- 
limols of 5-aminouracil with 1 millimol of ferrous salt. Curve 4, 5 millimols 
of 5-aminouracil with 1 millimol of ferric salt. 


As previously stated Equation 5 is reversible only when an 
oxidizable organic compound is present to absorb the oxygen 
involved. This is borne out experimentally by the fact that when 
sodium pentacyano-ammine-ferriate is tested, as the corresponding 
ferrous salt previously was in pH 2, 7, and 12 (see Fig. 1) it nezther 
evolves nor absorbs oxygen. 
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Since the cycle of reactions postulated above for the mechanism 
of the oxygen carrier action of sodium pentacyano-ammine- 
ferroate involves, in one stage, the reduction of the complex 
ferriate ion (Equation 5), essentially the same catalytic action 
should be exhibited by the ferriate salt as by the ferroate salt. 
That this condition is fulfilled is demonstrated in Fig. 6 in the 
cases of hydantoin and 5-aminouracil. 


SUMMARY. 


1. Pentacyano-ammine-ferroate ion is oxidized by elementary 
oxygen at a rate which is inversely proportional to the pH of the 
solution. 

2. In the cases studied the rate of catalyzed oxidation is greater 
in alkaline solution than in neutral. 

3. In the cases studied pentacyano-ammine-ferroate and penta- 
cyano-ammine-ferriate ions have identical catalytic activity. 
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A METHOD FOR THE DETERMINATION OF MINUTE 
AMOUNTS OF ETHYL IODIDE IN AIR, WATER, AND 
BLOOD BY MEANS OF ITS REACTION WITH 
SILVER NITRATE; AND EXPERIMENTS BEAR- 

ING ON THE DETERMINATION OF BLOOD 
FLOW BY MEANS OF ETHYL IODIDE. 


By ISAAC STARR, Jr., ann CLARENCE JAMES GAMBLE. 


(From the Laboratory of Pharmacology, University of Pennsylvania, 
Philadelphia.) 


(Received for publication, October 28, 1926.) 


The ethyl iodide method of Henderson and Haggard (1) for 
measuring the cardiac output seemed to provide new and more 
convenient means for investigating this cardinal problem of the 


circulation in patients. 
After having received instruction in the use of the method from 


its authors we proceeded to apply it to ourselves under conditions 
of basal metabolism. The results we obtained were similar to those 
of Henderson and Haggard and exhibited a uniformity at least as 
great as that obtained by other blood flow methods.' But we 


1 Blood flow determinations were made on two normal subjects by the 
ethyl iodide method modified as follows: (1) Rubber minimized. (2) 
Spirometer loaded with the same concentration (1.2 cc. of ethyl iodide in 
300 liters) each day. (3) Bohr gas meter inserted in the alveolar circuit 
and the flow of air kept constant at approximately 0.2 liters per minute. 
(4) Flow through the iodine pentoxide train kept constant at approxi- 
mately 1 liter per minute by a mercury valve which regulated the suction. 
(5) Two or more absorbers to catch the liberated iodine. 

The subjects had had no food for 16 hours before the experiment and 
lay down for at least } hour before the first determination. Two or three 
determinations were made each day. These were separated by an interval 
of about 15 minutes during which the subject breathed no ethyl iodide and 
continued to recline. The Krogh-Henderson alveolar air averaged 5.2 
per cent CO, for S, 5.4 per cent CO. for G. The pulse rate averaged 78 for S, 
60 for G, and did not vary materially. G weighs 68 kilos, S weighs 77 kilos. 

The results on G: Oct. 10, 4.2, 4.3, 4.2. Oct. 14, 5.3, 5.0. Oct. 20, 4.8, 5.4, 
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soon had cause to fear that the iodine pentoxide method for the 
determination of ethyl iodide was not reliable and to doubt the 
correctness of the physiology involved in the blood flow deter- 
mination. Therefore we do not attach any significance to the 
blood flow figures we obtained, but their constancy encouraged us 
to continue the investigation. 

The purpose of this paper is to describe chemical methods which 
appear adequate to attack the problem and to report the results 
of applying them to certain questions fundamental to the deter- 
mination of blood flow by ethyl iodide. A micro method for the 
determination of ethyl iodide by means of its reaction with silver 
nitrate has been devised by one of us (S). By this means we have 
performed experiments on the rate of destruction of ethyl iodide 
in blood and in the body and have redetermined the coefficient of 
distribution of ethyl iodide in vapor and water, and in vapor and 
blood in vitro. The results differ from those obtained by previous 
investigators and throw doubt on the validity of the ethyl iodide 
blood flow method in its present form. 


Iodine Pentoxide Method. 


This method (2), originally devised for the analysis of carbon 
monoxide, consists of drawing ethyl iodide vapor through a heated 
U-tube containing iodine pentoxide, catching and titrating the 
liberated iodine. Henderson and Haggard originally directed 
that the flow must be rapid (at least a liter per minute) ,? and gave 
the equation: 


10C.H;I + 131.0; = 20CO, + 25H.0 + 36I. 


4.7. Oct. 26, 4.7, 4.8, 4,6. Oct. 29, 4.8, 5.7, 5.2. Nov. 9, 5.2. Nov. 16, 44, 
4.8, 4.5. Eighteen determinations on subject G average 4.8 liters per min- 
ute; average deviation from the mean 6.7 per cent, maximum deviation 
19 per cent. 

The results on S: Oct. 12, 6.5, 6.1, 6.0. Oct. 13, 6.5, 6.4, 5.6. Oct. 19, 
6.5, 6.0, 6.3. Oct. 21, 6.3,6.3. Oct. 23, 5.9,5.8. Nov. 2, 6.2, 5.8. Nov. 17, 
6.1. Sixteen determinations on subject S between } and 2} hours; S became 
restless after lying 2} hours, average 6.1; average deviation from the mean 
4.0 per cent, maximum deviation 8.2 per cent. 

2 At a demonstration at the International Congress of Physiology in 
August, 1926, Professor Henderson used a slow flow, and has recently 
described this technique (3). 
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It soon became apparent that with a rapid flow we obtained a 
yield of iodine far below the theoretical. The fact that a very 
slow flow yielded close to theoretical figures was first pointed out 
to us by Dr. A. V. Bock. Table I shows the influence of the 


TABLE I. 
Iodine Pentoxide Method. 
Effect of Different Rates of Flow on lodine Yield. 








ie | | Iodine , 
lodine | through | Ethyl | ja, | “pected | Percent 
Date. pentoxide iodine iodide recovered. |Henderson-! theoretical 
| tube. pentoxide | added. Haggard | recovered. 
Wain. | equation. 
| wer | ma. | oma. | oma. | 
Feb. 10 A 1.40 | 4.86 | 6.62 | 14.2: 46.5 
“ 3(a) | ve 0.99 | 3.78 | 5.77 11.08 52.1 
3(b) | “ 0.92 | 2.38 | 3.71 6.97 53.2 
2 ” 0.85 1.61 | 2.35 | 4.72 49.8 
9 sie 0.26 2.95 4.95 8.64 57.3 
4 ” 0.08 4.78 15.68 | 14.00 | 112.0 
6 3 0.06 | 2.64 7 ah 7.73 92.0 
5 “« | 0.03 2.91 | 8.16 8 .5é 95.7 
Mar. S8(a) B 0.90 | 3.33 | 7.25 9.75 74.4 
= | 0.75 1.87 4.12 5.48 | 75.0 
9* ” 0.50 2.59 6.56 7.59 86.5 
8(b)* - 0.13 3.09 8.45 9.05 93.3 


Tube A had been in use 7 months, B was a new tube. Both were ob- 
tained from Professors Henderson and Haggard. 

The ethyl iodide was weighed in sealed bulbs, volatilized by breaking 
the bulb, and the vapor added to the air flowing through the train over a 
period of 10 minutes or more. Two absorbers were essential to catch 
the iodine, a third was always blank except in the experiments of Feb. 10, 
when it contained a minute trace. The thiosulfate was standardized by 
Kendall’s method. 

*In these experiments the vapor was preheated by passage through 
a glass coil immersed in the hot oil bath before its entrance into the iodine 
pentoxide tube. A comparison of Mar. 8(a) and Mar. 10 shows that this 


did not increase the yield. 


rate of flow on the iodine yield of our two tubes. These results 
suggested that the rapid flow pulled a large part of the ethyl iodide 
through the iodine pentoxide unchanged. An experiment was 
made to test the point. 
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A preliminary experiment showed that ethyl iodide vapor could 
be bubbled through absorbers containing 30 cc. of 5 per cent KI 
without loss. A train was set up leading from outdoor air through 
one iodine pentoxide U-tube, through three absorbers each con- 
taining 10 cc. of 5 per cent KI, to the other iodine pentoxide tube, 
through two similar absorbers, through the gas meter to the suc- 
tion pump. Ethyl iodide which escaped decomposition in the 
first tube would pass through the absorbers and liberate iodine 
from the second tube, while the iodine liberated from the first 
tube would be caught in the absorbers between them. As the 
amount of iodine liberated from each tube by a weighed amount 


TABLE II, 


Iodine Pentoxide Method. 
Mazimum Escape of Ethyl lodide through Iodine Pentoxide Tubes. 





Approximate per 


Ethyl Tube Per cent of theo- | cent of ethyl iodide 
Date iodide _—— placed _Tetical yield of passing through 
° ind . first iodine recovered | first tube as deter 
. ’ from first tube. mined by second 
tube. 





liters per 

















mm. 
Mar. 10 5.94 0.6 B 82.0 1.3 
- 2 1.87 0.8 ° 75.0 4.8 
Apr. 15 4.18 0.95 A 53.8 oe 


The ethy! iodide added in the last two experiments was weighed; in the 
first, calculated from the iodine yield. Theoretical yield calculated from 
equation given by Henderson and Haggard. 





of ethyl iodide at various rates of flow was known (Table I), 
the amount of ethyl iodide escaping through the first tube could 
be approximately calculated.* The results are given in Table II. 
Obviously the low yield is not caused by pulling ethyl iodide 
through the U-tube unchanged. Evidently the equation given 
above does not represent the chemical reaction when the flow 
is rapid. 

Our difficulties with the method may be summarized as follows: 
(1) Different tubes of iodine pentoxide give different yields of 


* This figure represents the maximum possible ethyl iodide. It is con- 
ceivable that decomposition products of ethyl iodide could escape from 
the first tube and liberate iodine from the second. 








XUM 


ould 
, KI 
ugh 
con- 
ibe, 
suc- 
the 
line 
irst 
the 
unt 


per 
lide 


ter 
nd 





I. Starr, Jr., and C. J. Gamble 513 


iodine under apparently similar conditions. (2) Variations in rate 
of flow make profound differences in iodine yield. (3) Iodine pent- 
oxide is decomposed by traces of a large number of substances (4). 
(4) The spontaneous rate of decomposition of iodine pentoxide 
is quite variable. The proper correction for this decomposition 
is often doubtful. (5) While the method usually yields consist- 
ent results (within 4 per cent), occasionally it fails to do this, 
and we are not yet confident that we have all the factors under 
control. 

Were it not for the fact that many of the errors cancel out in 
calculating the blood flow, the method could not be used in the 
simple form described, but would be difficult and time-consuming. 
We doubted our ability to overcome these difficulties and decided 
that further progress depended’ on the development of a more 
satisfactory chemical method. 


Silver Nitrate Method for Determination of Ethyl Iodide in Air. 


The method consists of adding standard silver nitrate in nitric 
acid to sampling tubes containing ethy] iodide, allowing the reac- 
tion to go to completion, and titrating the excess silver nitrate 
according to the Volhard principle.* 

Silver nitrate and nitric acid in a closed tube are used as a step 
in the analysis of organic material for halogens by the Carius 
method. The reaction of ethyl iodide and silver nitrate in alcohol 
and hydro-aleoholic mixtures has been studied by Burke and Don- 
nan (5). It goes to completion. In aqueous solution the reaction 
is formulated (6). 


I. C.H;I + AgNO; + HOH = C.H,OH + Agl + HNO; 
II. C.H;I + AgNO; = Agl + C,H;NO; 


We have found that a high concentration of nitric acid accel- 
erates the conversion of ethyl iodide vapor into silver iodide. 
Under these conditions reaction I is probably minimized and the 
organic radicals oxidized. ~ 

‘An attempt to find a substance which would remove ethyl iodide from 
air bubbled through it was not successful. Cold alcohol was the best. 
We also failed in an attempt to determine ethyl iodide by pulling the 


vapor through a combustion furnace and catching the liberated iodine. 
Yields of over 90 per cent of the theoretical were not obtained. 
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A pparatus.—250 ce. gas sampling tubes are employed,® each 
end closed by black rubber tubing, pinch-cocks, and glass plugs. 
Long test-tubes, narrow enough to fit closely inside the glass end of 
the sampling tube, are used, or wider tubes ground to make a 
tight joint with this end. 

Reagents Required.—(1) Silver nitrate solution in concentrated 
nitric acid (2.1785 gm. per liter, 0.5 cc. = 1.0 mg. ethyl iodide), 
This is made up according to Van Slyke’s directions (7 
Potassium sulfocyanate solution (approximately 1 gm. per liter), 
(3) Powdered ferric ammonium sulfate. (4) Concentrated nitric 


(2) 


acid (specific gravity 1.42). 

Procedure.—250 ec. of air containing 2 mg. or less of ethyl 
iodide are collected in the sampling tube. 2 cc. of standard silver 
nitrate in nitric acid are pipetted into the test-tube and about 1 
ec. of distilled water added. One of the rubber connections of the 
sampling tube is wet with distilled water and the end of the test- 
tube engaged in it. The pinch-cock is opened and the test-tube 
thrust in until the glass end of the sampling tube overlaps it an inch 
ormore. The tubes are now tilted to permit the standard to run 
in, then leveled, and rotated to wet the walls. A glass plug is 
substituted for the remaining pinch-cock and the apparatus put 
aside for 16 hours or more (we leave it overnight). In a few 
minutes the fluid becomes turbid and within an hour it is full of a 
flocculent yellow precipitate. 

Next day the glass plug and its rubber connection are removed 
and the contents of the tubes emptied into an evaporating dish. 
The sampling tube and the attached test-tube are twice washed 
out with 5 ce. of distilled water. The test-tube is then withdrawn 
until it is no longer overlapped and the apparatus washed with 2 
ec. more water to reach any standard which may have been caught 
between the overlapping parts. The washings are added to the 
evaporating dish which then contains about 14 cc. 2 cc. of con- 


5 For illustration see Henderson and Haggard, Am. J. Physiol., 1925, 
Ixxii, 236 (lig. 6). Greased stop-cocks cannot be employed as grease 
absorbs ethyl iodide. 

‘If the vapor has been collected by water displacement, considerable 
water will remain in the bulb and the water added here should be cor- 
respondingly reduced. 
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centrated nitric acid are now added,’ then about 0.3 gm. of pow- 
dered ferric alum, and the analysis is completed by titrating with 
the potassium sulfocyanate, according to the Whitehorn technique 
(8). The end-point* is the first definite russet color to last 15 
seconds in spite of stirring. As the color change following each of 
the next 2 drops is marked we always confirm the position of the 


end-point by adding a drop or two more. 
Calculation. 


Titer of unknown (in cc.). 





Titer of 1 cc. of standard AgNO; (in ece.). 
(Standard AgNO; added to tube (in ec.) — A) X 2 = mg. C2HI 


Remarks.—The reaction must go to completion in the time al- 
lowed. Its speed varies with the concentration of acid and silver 
nitrate present. The effect of various dilutions of the standard 
has been determined and the results are recorded in Table III. 
An initial concentration between approximately 50 and 90 per cent 
of concentrated nitric acid, and approximately 0.007 m and 0.012 
M silver nitrate, is satisfactory. Above this range nitric acid is 
too unstable, the bulb fills with brown fumes, exposed rubber is 
attacked, and low results are often obtained. Below this range 
we have no confidence that the reaction will go to completion in 
16 hours. We aim to dilute the standard by one-half its volume 
of water in the analyses. To maintain a suitable concentration 
of silver nitrate we add at least twice the amount necessary to 
react with the ethyl iodide. Room temperature is sufficient but 


7 The amount of acid added should be adjusted to the amount of stand- 
ard employed to permit titration in 25 per cent HNO, as used by White- 
horn. In iodide methods this acidity is not essential to the titration in 
the presence of the precipitate (Volhard, cited from Treadwell, F’. = 
Analytical chemistry, translated by Hall, W. T., New York, 6th edition, 
1924, 605). 

® The KCNS is weaker than that employed by Whitehorn, but stronger 
than that used by Myers and Short (Myers, V. C., and Short, J. J., J. 
Biol. Chem., 1920, xliv, 47). The volume of solution at the end-point is 
smaller than in the Whitehorn method, which partly offsets the effect of 
the weaker KCNS on the sharpness of the end-point. We have confirmed 
the position of the end-point by titrating standard KI solutions. 
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TABLE III. 
Silver Nitrate Method. 
Effect of Different Dilutions of Standard AgNO; in HNO3. 
Tubes remained at'room temperature for 16 hours before titration un- 
less otherwise noted. 


| 
| 
| 
| 





Date. | eae = 2 ce. Error. Remarks. 

— 
cc. mg. md. mi. per cent 

Apr. 17 0 1.58 | 1.11 |—0.47,—29.8) 44 hours before ti- 
0 2.19 | 1.80 |—0.39—17.8| tration. Tubes 
0 | 0.22 | 0.17 |—0.05 —22.7 full of brown 
fumes. Rubber 
| corroded. End- 

| point ruined, 

| | 

« 30 | 0.25 2.22 | 2.13 |—0.09} —4.1] Very slight corro- 
| | sion. 
0.25 0.91 | 0.92 |+0.01! +1.1) No corrosion. 

“ 28 | 0.5 1.39 | 1.37 |—0.02) —1.4| 
| 0.5 }1.15/1.15; 0 | O | 

“ 21] 1.0 1.49 | 1.50 |+0.01| +0.7 
1.0 1.46 | 1.88 |—0.08| —5.5 
1.0 1.38 | 1.39 |+0.01) +0.7 

“« 2 2.0 1.10 | 1.08 |—0.02| —1.8| 
| 2.0 | 2.41 | 2.36 |—0.05, —2.1| 

= I 4.0 | 0.87 | 0.81 |—0.06] —6.9| Ppt. milky. 

| 1.25 | 1 


11 |—0.14/—11.2) AgI not flocculent. 


| 
Mar. 29} AgNO; without) 1.79 | 1.00 |—0.79|—44.1) Ppt. milky. 
HNO;*. 


| 


| 3.45 | 1.93 |-1 52)/—44.1) ™ ” 22 hrs. 





*1 cc. = 1 mg. of ethyl iodide. 5 cc. added for smaller, 7 cc. for larger 
amount of ethyl iodide. 


it must be maintained. Under these conditions the reaction goes 
to completion within 7 hours (Table IV). To wait 16 hours allows 
ample margin of safety. 

The concentrated acid should be kept away from the rubber. 
This is accomplished by wetting the inside of the rubber connec- 
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tion before sliding in the test-tube. This water occupies the space 
between the interlocking tubes and protects the rubber. At the 
other end a well fitting glass plug minimizes the contact between 
rubber and the interior. Acid must not be allowed to flow into 
this end. A slight contact between acid and black pure gum 
rubber connections does not interfere with the analysis. In spite 
of these precautions the rubber connections weaken and must be 
replaced every few weeks. 

The apparatus and reagents must be free of soluble halogens. 
Traces of silver iodide remaining in the tubes in spite of washing do 
not interfere with subsequent analyses. 


TABLE IV. 
Silver Nitrate Method. 
Speed of Reaction. 
lec. HO + 2 cc. standard AgNO; in HNO; added to dry bulbs filled with 
equal amounts of ethyl iodide vapor. Temperature between 25-26° at 
all observations. 








Time after start of reaction. Ethyl iodide found. Per cent of total. 
hrs. mg. 
1 0.78 55 
3 1.13 80 
5 1.28 91 
7 1.40 99 
24 1.41 100 
48 1.41 100 











As no other volatile halogens are likely to be encountered in 
physiological investigations the method may be regarded as de- 
termining ethyl iodide alone. While the results are not obtained 
until next day the method requires little more of the operator’s 
time than the iodine pentoxide procedure. 


Determination of Known Amounts of Ethyl Iodide Vapor. 


Pure ethyl iodide? was drawn into small glass bulbs whose capil- 
lary outlet could be sealed without change of weight. The bulbs 
empty and loaded, were weighed on a Troemner balance advertised 


® We are indebted to Dr. B. F. Freeman for the purification of the ethyl 
wid bd 


iodide used. It was practically colorless and boiled between 72° and 72.5°. 
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accurate to 0.05 mg., but certainly accurate to 0.03 mg. The 
swings were recorded but the weight was not calculated until after 
the analysis. A loaded bulb was inserted into a 250 ce. gas sampl- 
ing tube together with a piece of glass rod, the ends of the tube 
were plugged, and the bulb demolished by shaking. After allow- 


TABLE V. 
Stlver Nitrate Method. 
Determinations of Weighed Amounts of Ethyl Iodide (Vaporized), 


| Error. 
Date. Weighed Found an a: 
Absolute. 
Apr. mi. mg. m7. per cent 
6 0.92 0.94 +0.02 +2.2 
7 2.13 2.15 +0.02 +0.9 
8 2.22 2.12 —0.10 —4.5 
8 0.65 0.65 0 0 
9 1.62 1.53 —0.09 —5.5 
9 0.12 0.12 0 0 
9 1.78 1.74 —0.04 —2.2 
13 2.31 2.35 +0.04 +1.7 
13 1.41 1.43 +0.02 +1.6 
13 0.90 0.91 +0.01 +1.1 
14 0 0.01 +0.01 
14 0 0.01 +0.01 
19 1.70 1.70 0 0 
19 1.19 1.17 —0.02 —1.7 
20 2.32 2.23 —0.09 —3.9 
20 1.23 1.16 —0.07 —5.7 
20 1.71 1.64 —0.07 —4.1 
21 1.49 1.50 +0.01 +0.7 
21 1.46 1.38 —0.08 —5.5 
21 1.38 1.39 40.01 | +0.7 
Mean difference.... BREE OM, eee eee weeeeees —0.02 mg. 
Average deviation from mean difference : , 0.04 “ 
Maximum “ mn “ ” piaed .. ~0.06 “ 


ing a few minutes for the ethyl iodide to volatilize, the standard 
was added and the analysis continued as described. The results 
of twenty consecutive determinations on amounts of ethyl iodide 
from 2.32 mg. to 0 are recorded in Table V, the maximum error 
being 5.7 per cent, the average error 2.3 per cent. It must be 
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remembered that there is a possible error of 0.06 mg. in the two 
weighings, also possibilities of error in loading the bulbs which 
would not occur in an ordinary analysis. Analyses of equivalent 
gas samples taken from the spirometer have consistently checked 
within 0.02 mg.'° 


Determination of Ethyl Iodide in Water. 


The metiuod described for vapor may be modified for the deter- 
mination of ethyl iodide in halogen-free water. The sample is 
drawn into a grease-free glass syringe and is injected into a closed 
250 cc. sampling tube. Sufficient standard is now added to give 
proper silver nitrate and nitric acid concentrations and the analy- 
sis continued as described for vapor. 

Ethyl iodide slowly decomposes in water according to the equa- 
tion (9): 


C.H;I + H,O0 = HI + C.H;OH 


Care should be taken that appreciable amounts of hydrogen 
iodide have not accumulated in the water at the time when an 
analysis of its ethyl iodide content is desired, the method determin- 
ing the total halogens. 


Determination of Ethyl Iodide in Blood. 


The ethyl iodide is driven off by boiling the blood in a vacuum, 
caught in a large tube, and determined by the addition of silver 
nitrate. 

Apparatus.—This consists of three pieces: (1) A glass gas- 
collecting tube of 750 or 1000 ce. capacity. One of the end tubes 
is closed by a rubber connection and screw clamp; on the other is a 
joint ground to fit the volatilizing tube. Behind this joint a 
small bulb has been blown. (2) A volatilizing tube of about 65 
ec. capacity. A bulb has been blown close to its joint. To the 
thick walled tube at its end a small needle valve is attached by a 
rubber connection. The volatilizing tube and the adjacent parts 
of the gas collecting tube are shown in Fig. 1. (3) A small test- 
tube, its end ground to fit the collecting tube after the volatilizing 


‘0 Four 250 cc. samples drawn from the spirometer = 1.30, 1.30, 1.30, 
131 mg. Five other samples = 1.37, 1.36, 1.38, 1.36, 1.38 mg. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL, LXXI, NO, 2 
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tube has been removed. (1) and (2) interlocked, the joint rein- 
forced by a rubber connection, are supported with their long axis 
about 10° from the horizontal (needle valve down) so that they 
may be rotated about this axis. 

Procedure.—The collecting tube and the volatilizing tube inter- 
locked are exhausted to 45 mm. of mercury by a pump, and placed 
on their supports. The blood is collected in a glass grease-free 
syringe equipped with a long thin needle. The rubber connec- 
tion of the needle valve is slid part way along the glass tube, bent 
down, and the needle thrust through the wall well into the tube. 
The negative pressure sucks the blood in. 0.5 ce. of Locke’s 
solution containing a drop of caprylic alcohol, injected from 
another syringe, washes the last drops into the end of the volatiliz- 
ing tube. The connection is then slid back to prevent leakage 
through the punctures. 

The apparatus is now rotated on its long axis by one hand while 
the volatilizing tube and the adjacent parts of the collecting tube 
are being heated by playing a stream of hot water upon them. 
The blood, spread over a considerable surface by the rotation, is 
boiled until it no longer seeks the lowest point, most of its volatile 
contents condensing in the collecting tube. The needle valve is 
slowly opened and the gaseous contents of the volatilizing tube are 
washed into the collecting tube by the inrushing air. As soon as 
the hissing ceases the volatilizing tube is detached from the col- 
lecting tube, the rubber connection being pinched to prevent loss of 
gas until the test-tube containing 4 cc. of standard is inserted. 
After the collecting tube has cooled it is vented, the screw clamp 
replaced by a glass plug, and put aside for 48 hours. 

The large tube and its attached test-tube are then emptied and 
washed with 5, 5, and 2 ce. of distilled water, each washing being 
allowed to drain completely into the evaporating dish before adding 
the next.' A final washing of 12 cc. is tested for the presence of 
silver nitrate, and this being negative, the titration is continued as 
described. 

Remarks.—The fixation of ethyl iodide vapor occurs more 
slowly in the large tubes than in the smaller ones used previously. 


1 The increased sharpness of the end-point obtained by keeping the 
volume small amply compensates for the care and time required to wash 
out completely large bulbs with small amounts of water. 
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4 ec. of standard provide suitable acid and silver nitrate concen- 
trations in the presence of the water distilled from 2 to 5 ce. of 
blood. At room temperature the reaction goes to completion 
within 24 hours as shown in Table VI. We prefer to allow 48 
hours to assure ample margin of safety. 

If any blood is driven into the collecting tube the analysis must 
be abandoned. Little difficulty will be encountered in handling 
amounts of 3 ce. or less. We have often handled 5 cc. success- 
fully. All parts of the volatilizing tube must be kept hot enough 
to prevent condensation. 

TABLE VI. 
Silver Nitrate Method. 
Determination of Known Amounts of Ethyl Iodide Added to Blood. 


Titrated 24 hours after the addition of the standard. 





Date. “a of vndded Et , oe a aan — 
(by analysis) Abesliede. 
ec, m7. mg. mq. per cent 
June 22 0.5 0.95 0.89 —0.06 —6.3 
24 3 1.56 1.57 +0.01 +0.6 
25 | 2 1.51 1.50 —0.01 —0.7 
26} 2 1.34 1.28 —0.06 —4.5 
28 2.5 0.58 0.56 —0.02 —3.4 
“« 29 3 | OM | O14 | 0 0 
“« @ 3 0 0.02 | +0.02 
July 2 3 1.01 | 0.95 —0.06 —6.0 
” 3 5 0.74 | 0.75 | =+0.01 +1.4 
I as Ne ..... —0.02 mg. 
Average deviation from mean difference...... saesvse ae 
Maximum ” wi ss Se eee —0.04 “ 


The hurried detachment of the tubes sometimes results in 
breaking the ground glass joint. This can be minimized by 
thoroughly wetting the joint and its connection before interlock- 
ing. Thick glass should be used in making the joint. 

The decomposition products of ethyl iodide, HI and C.H;OH, 
do not interfere with this method, the former being converted 
into non-volatile salts in the blood, the latter not reacting with 
silver nitrate. This is an obvious advantage over the iodine 
pentoxide procedure. 
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Determination of Known Amounts of Ethyl Iodide in Blood. 


Between 0.01 and 0.1 cc. of ethyl iodide was added to a tonom- 
eter containing about 10 cc. of distilled water. The tonometer 
was rotated for 5 minutes. About 2 cc. of the water were with- 
drawn into a glass grease-free syringe calibrated both for capacity 
and delivery. About one-half its content was injected into a 
closed 250 ce. sampling tube and its ethyl iodide content deter- 
mined. Sufficient 3.6 per cent NaCl was then drawn into the 
syringe to make it contain 0.9 per cent NaCl. Blood, kept fresh 
by oxalate or fluoride, was then drawn into the syringe and rotated 


TABLE VII. 
Iodine Pentoxide Method. 
Loss of Ethyl Iodide from Wet Tubes Closed by Rubber Tubing and 
Pinch-Cocks. 


Loss figured from average of three early analyses. 




















Tube No. = atealids Titration thiosulfate. Los. 
hrs. min. ce. per cent 
1 0 16 14.95 
5 0 22 15.01 
2 0 28 14.98 
4 1 29 13.88 7.3 
11 2 08 14.02 6.4 
13 4 29 13.15 12.2 
7 6 05 13.30 11.2 
17 6 10 13.55 9.6 











for 5 minutes. The contents of the syringe were then analyzed 
as described. The amount of ethyl iodide added to the blood was 
calculated from the analysis of the water and compared with that 
recovered from the blood. Table VI shows the results of nine 
consecutive determinations. The maximum error is 6.3 per cent, 
the average error 2.9 per cent. 


Methods of Collection and Preservation of Ethyl Iodide Vapor. 


Samples may be collected without loss by allowing water to 
run rapidly out of sampling tubes of 760 cc. capacity or less. 
We leave at least 50 cc. of air between the water surface and the 











XUM 



































*(Aap) u01381}U99N09 rajourosdg | Crt CZ | ZZ | 
*Sul[[Y 19}jJB “UIU OT PAIOAODVI UO1ZBIZUBDUOL) IZ'o | 0cz | 2 >" et | 
*(queuls08|dstp : in ‘Seq 100 
19}8M pides) Zurpy 10338 “Ul ¢ BBq Woy poIBAODaI UOT}BIYUIIDUOL) $60 0SZ aal -qni 8 WO np se. 
"pel[y Woy} pus SoUTT} de14} YO poysBM sum Beq s9qqni ™ ares ‘ ) (9) - ay 
Yop YyIM (quoms0B[dsIp 10;8M pidei) uo1je1yus0U00 JoyomIOIIdg ¢ vA ee 
Aayp s0qte pried) wopyeyueee ids FT | 09% ce ZI cI “ydag 
[aeeeeeene yee -|-—— — - —_—— 
} } 
‘ 
S *pozA[euse 118 pus 908 3 | | aa 
I poz] 1B | 9dBJANS 1ajJVM UIIMYoq | a518 
5 IIB JO "00 QCZ ‘“UIUT [] Ul yNO ZuIMoY 1938M poy[t4stp Aq urumeiq | 6 , e, ee ae 
= I } Sad dag | ir '0 O92 OL's -sIp MOS UI JOIIG 
E ae Sr eee agg | 190 oso | O07 | g Avy 
= *(°908 GT) 10}7BM paT[Iystp Aq UI UMBICG Q9° ee gga 
c 178! tT UMS 89°T cS coe | “de 
o “UIU OT UI yNoO Zurmoy ” ” 69'T cas me. Z| agI poe ‘a 
: CG i Gn AI < ‘ VU 
8 UIUI g UI yNO Zurmoy (*ONH 3090 Jad ¢'9) 1938M poyIpioy rT 0sz s«|OR' sara cae ant wl “oe 
*((098 G]) 1098M poT[Iystp Aq ut UL! ap. ao | oe . . oie 
- > Pee | Shonen 1 ae M pars Aq upumerq | cLt | O8 | s8% 91 “3dag 
oc ‘( » ST) 1» 9 yo FLT 0¢z =| «(OL OL a 
3 nD po e. F ” i Fl'I - 092 | eO OI ‘goqny oS18] UI ouIRg 
> em AC ; 71° | t LOTR 
= ; ; aso ‘St _ me 1a ——s ott oso =| OO OT | IT AB]Y 
> *(‘008 CT) 199eM A 77, Oe “onl . =-_ 
z ( C{) 1038m Aq ul a . if 0¢z co cls *quoul 
J a | ocz 3 «| «(COOf ZI C|:«C-9 0B dsi 
3] ‘(008 GT) yno ATprdes Zurmoy 19}8M paT[iystp Aq ul UMBIG 2 1 om pas oir od nna 
‘Surjdurvs o10Joq YSno1y4 uNI s19zI1 0Z «Ap < 7 a | ; i 
| joq Ye q4 HT 0Z Ip eqny, €2 I 0co =| «(00 | OL Avy 
‘99 096 , | 
vad “bu 90 9861 
. , “punoy ‘eqn, —_—_ 7 ‘einen 7 
*syavulel pus UOT oW TPor fAt on | 
T Pp 1}99][09 JO poy} | 4 i , | OuIL, ‘esodind pus o38q 
-eiyus0U0D | Ajordyy | | 





524 


‘up us eprpoy phyrg fo uoyvasasasg puv uoxsa/09 fo spoyjayy uo vIvG 
‘IIIA ATAVL 





uw 
N 
wo 














*jayomo0rids 
































a) (‘suolyeUIUIajEp =| 
4 OM} JO OBBIOAY) “(YO UB) 19}zB] ‘sIy FZ PUNO} ” | er UI SUIpUBys UI Sso’T 
=| 7 “(ounqrenpmaenep @AY JO 9SBI9AB) 19yoNIOIIdS Wy WopyeayenowRc) 9g" OL AByy 
0 *(SUOIZBUIUIIAJOp INO}J 
_ JO 93B190A8) SUI]Y 103j8 ‘ulUI ¢ siIskteue Aq PUNO] UoTyeIZUBDU0D 0g" *19}0UI 
. ‘(uo UBj) oppor [Aqye ound -o1ids Sul[y ul ssoy 
~ ‘09 [ YRIM popeo] st Joyowo11ds usyM U01}VIZUIDUOD [BdIZOI0NT, J, Cr’ ZI ‘ady 
ao) coninaeaieioeta seaiomained 
= » » » 8 » w a 0gz 
- “BUITY 10458 “Ulu OT » » cT 0gz ‘Seq 
tH “BUY 104jJ8 “UIUI ¢ Seq Woy P9IOAODOI U01}B1}U90U0Z) a 0cz cO'ZI =| ssBiq wWoIy 9prIpor 
seed *poal[y Uey} pus soulty e144 jAqjo JO sso, MOTg 
 4no poystm sBa Seq ssviq YOIYA YIIM UOT}BIGQUIOUOD IoJOUIOIIdG 2 0Sz 00°21 OL ABW 
3 om ” —7E Sea quenese - = = 
DP ‘U0T}B1ZUIIUOD JoyoMIOIIdG Ch 0cz ZZ 
° ‘aqn} puofaq pezde]]0o ajdules puovag 8g" 0cz |80°Z-0F 
7 “Ulu “Buiqny 
Jed 1941] GO = 9qn4 YFnoIy} MO, “eqn, puofaq payde]oo ajdureg 68" 0ez2 ~=s«|OF I-CT' 1} azeqqna ysno1yy 
‘rajoumortds wiosy si0yt] TT Aq | esessed uo apIpor 
qno poysea ‘1ajouIBIP |BUIoqUI “WO ¢g°9 ‘BuO, s1djOUI g aqny Jeqqnyzy | ZPZI_ «|: [Aq}e Jo sso 443119 
‘UOI}ZVIYUIIUOD JoyoWMIOIIdY | OF 0cz Ce ZI cI “ydag 
re aime a *(Arp) 4014%81}U90009 rajourordg | oF osz ZZ = 7 





XUM 





526 Ethyl Iodide Determination 


air analyzed. If the water runs out slowly there is danger of 
loss in spite of this precaution. 0.5 per cent nitric acid in water is 
the best fluid for slow displacement that we have found. If 
mercury is employed, the gas must be transferred as enough re- 
mains on the walls to interfere with the titration. 

The error of preserving ethyl iodide in wet bulbs closed by 
pinch-cocks is large when they are analyzed by the iodine pentox- 
ide method (Table VII). By adding standard promptly after 
securing the sample and substituting glass plugs for pinch-cocks 
the silver nitrate method avoids this error. 

When a known amount of ethyl iodide is volatilized in the 
spirometer,'? the theoretical concentration cannot be recovered. 
If the spirometer has been standing free of ethyl iodide, the loss 
will amount to about 10 per cent. If it has contained ethyl 
iodide, dilution by air yields a higher concentration than antici- 
pated. These changes are probably due to loss of ethyl iodide to 
the water or gain from it. Adsorption may also be a factor, but 
ethyl iodide does not seem to be easily adsorbed, passing through 
tubes packed with glass wool without difficulty. After an initial 
loss the concentration in the spirometer falls slowly probably due 
to the slow solution and destruction of ethyl iodide in the water. 

The ethyl iodide concentration in air in a rubber bag falls with 
surprising rapidity. There is a small loss when it flows through rub- 
ber tubing. We have made a fairly satisfactory rebreathing bag 
out of two thin sheets of spring brass, their edges being soldered 
together and a tube inserted for the mouthpiece. The concen- 
tration within it slowly diminishes. This error is not detectable 
for 5 minutes, which gives ample time to transfer the gas to 4 
sampling tube. 

Our data on the collection and preservation of ethyl iodide are 
recorded in Table VIII. We collect the vapor in a dry tube or 
by rapid displacement of distilled water, adding standard im- 
mediately after collecting. Our room, not reached by the sun and 
adjacent to a large laboratory, is not subject to rapid variations 
of temperature. 

A glass syringe rendered grease-free, the plunger kept tight 
by wetting with distilled water, seems the most satisfactory 


12 The spirometer was of 300 liters capacity, its gas chamber painted 
with red lead. 
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method of handling ethyl iodide in water or blood. It is calibrated 
for capacity and delivery, and fluid can be measured in it with 
accuracy.’ A correction is made for the small dead space. 














TABLE IX, 
Coefficient of Distribution of Ethyl Iodide in Air and Water at 87°C, 
Ethyl . 
Date. so. Size of sample. as ee iodide on Coefficient. 
tion. analysis. centration. 

May 19 Before. Gas. 250.0 7.29 2.92 
3 Water. 1.9 0.13 6.84 2.4 
8 “ 2.0 0.17 8.5 2.9 
14 2.0 0.15 7.5 2.6 
24 Ke 2.0 0.16 8.0 2.8 
44 2.0 0.18 9.0 3.1 

After. Gas. 103.5 2.97 2.87 

May 24(a) Before. | Gas. 250.0 8.31 3.32 
3 Water. 2.0 0.15 7.5 2.3 
6 " 2.0 0.17 8.5 2.6 
13 ss 2.0 0.16 8.0 2.4 
May 24(b) 5 Water. 1.95 0.17 8.7 2.7 
10 si 2.0 0.19 9.5 3.0 
18 6s 2.0 0.18 9.0 2.8 
44 - 2.0 0.18 9.0 2.8 

After. Gas. 103.5 3.26 3.15 











100 minutes between gas samples on May 24. 
Average of eight coefficients determined between 4 and 25 minutes 


= 2.7. 


Coefficient of Distribution of Ethyl Iodide in Air and Water. 


A preliminary experiment was performed to determine the order 
of magnitude of the destruction of ethyl iodide in water. Air 
containing ethyl iodide was allowed to flow through a tonometer 
containing phenolsulfonephthalein in distilled water. A slow 
change of color was observed. Caleulation of the acid formed was 
necessarily inexact, but indicated that the destruction of ethyl 


18 The syringe loaded to the 2 cc. mark with samples of distilled water 
delivered 2.018, 2.031, 2.024, and 2.022 gm. 
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iodide was so slow that it would not be chemically detectable 
in a short experiment. Later analytical results supported this 
conclusion. 

Ethyl iodide vapor was led from the spirometer through a glass 
spiral and a sampling tube immersed in a water bath at 37° (+ 
0.5°). After 10 liters had passed through, the sampling tube was 
removed for analysis and a tonometer containing distilled water 
inserted in its place. The tonometer was constantly rotated from 
side to side while the stream of vapor flowed through it at 2 liters 
per minute. At intervals the flow was stopped and samples of 
water removed for analysis. A second gas sample terminated the 
experiment. 

The results of three experiments, recorded in Table IX, agree 
well within the chemical error involved. Omitting samples taken 
before 4 minutes of equilibration as possibly unsaturated and those 
taken after 30 minutes as possibly having accumulated detectable 
amounts of decomposition products, the average of seven analyses 
gives a coefficient of 2.7. 


Coefficient of Distribution of Ethyl Iodide in Air and Blood in 
Vitro. 

Human blood, kept fluid by oxalate or fluoride was saturated by 
the technique employed for water. The results (Table X) fall into 
two groups, anemic and normal. Plasma has a far lower coefficient 
than whole blood from the same individual, and anemic blood has 
a correspondingly lower coefficient than normal. Five normal 
bloods yield figures within the probable error of the determination, 
and their average 7.6 we believe to be the correct coefficient. 

This coefficient for blood is far higher than that for water. 
A similar relationship was found for ethyl chloride by Embley 
(10), the coefficient being 2.5 for water at 21°C. and exceeding 
5.0 by an undetermined amount for blood at 38°C. 

It should be pointed out that the more severe anemia has the 
higher coefficient. This is perhaps within the chemical error 
involved, but it seems probable that other factors than the red cell 
count and hemoglobin may influence the coefficient. The assump- 
tion of the same coefficient for all persons is not justified. 
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TABLE X. 
Coefficient of Distribution of Ethyl Iodide in Air and Blood at 87°C. 





















































}@¢ | els [8 
2 |2tie s. 
Source of blood. oe 3 of 32 z 
is oC —_ a 2 
| 38 2 | 68 | 3? Z 
: | es | & | g8 | 22 Fr 
: Seis is - 
July | ee min ce. mg. 
| 
7 | Patient H. | 
| (blood | 10 | 10 | 1.95 | 0.46 
| normal). 25 | 2.0 | 0.56 7.1 
40 | 1.95 | 0.58 
8 | Patient D. 
| (blood | 6 | 13 | 2.0 | 0.31 
| normal). 32 | 2.0 | 0.32 8.2 
| | 
14 | Patient F. | 
(blood 10 | 65 | 2.15 | 0.46 7.5 
normal). 
19 Subject S. | | 
(blood | 8 | 42 | 2.4 | 0.59 | 24.7 7.8 
| 
| normal). | 
22 Subject B. 
(blood | 10 | 30 | 3.0 | 0.79 
normal). | 45 | 2.2 | 0.65 | 7.6 
| | | 
_ pe ey meee eee See | 3-68] 
24 | Subject B. | | 3.51 | 
(plasma). 8 | 28 | 2.2 | 0.35 | 16.0 | 
| 50 | 3.0 | 0.54 | 18.0 | | 4.9 
| | | | 3.46 | 
12 | Patient G. | | | 3.00 | 
Hb = 48 percent | 16 | 54 | 3.6 | 0.53 | 14.7 | 
R.b.c. = 3,990,000 | | 73 | 4.8 | 0.78 | 16.3 | 5.2 
| | | | | | 2.96 | 
26 | Patient M. | | | | | | 3.68 | 
byonbe 9 | 72 | 2.2 | 0.49 | 22.4 | | 
| R.b.c. = 1,070,000 97 | 1.6 | 0.40 | 25.1 6.5 
| 








In calculating the concentration the observed size of samples was cor- 
rected slightly for the calibration and dead space of the syringe. 

The coefficients are calculated from the average of the gas concentra- 
tions and the last two blood analyses. 

Average of five determinations on normals = 7.6. 
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Rate of Destruction of Ethyl Iodide in Blood and Its Elimination by 
the Lungs. 


We have obtained evidence that the destruction of ethyl iodide 
in blood is a slow process. In the determination of known 
amounts of ethyl iodide in blood, the blood and ethyl! iodide were 
equilibrated for 5 minutes before analysis without detectable 


TABLE XI 
Silver Nitrate Method. 
Ethyl Iodide in Alveolar and Expired Air after Breathing It. 














ee gy of | After inhalation of ethyl iodide. 
: ’ 
| | Per cent 
Date. Krogh- Duration | tis Concen- sieailias 
Inspired| E xpired | | ener x: | tion of oe Expired | concen- 
=. naa alveolar | before re- - _ ath- breathed -. y ser=ig 
| air. breathing &- air, breathed 
air, 
Mee | ok" | ee wc | SEG R | Bis 2a 
Oct. 5 | 1.47] 0.73] 0.36} 0 | 35 | 0.12] 33 
| 4 min. 40 | 0.06 | 16 
May 14 | 1.69/ 0.81 | 0.42] 0 25 0.14 33 
“ 13 | 1.44] 0.78| 0.32] 5sec. 35 0.09 | 28 
Oct. 4 1.48 0.70 | 0.36 | 6 “ 15 | 0.08 | 22 
. # 1.76 | 0.81| 0.38| 20 “ 30 | 0.09 | 24 
| 3 min. 30 | 0.06 16 
| ad 
| } 6 “ | 30 | 0.02 5 
Sept.17| 1.45] 0.73 | 5 « | | 0.05 
‘= * | 0.03 
Subjects lying : down, reste ds at least 3 s : hour be fore all ex periments. Sub- 


jects fasted on Oct. 4, 5, and 8. 1000. cc. of air in brass bag used for re- 
breathing. 500 and 750 cc. tubes used to take samples of rebreathed air. 
Expired air samples taken from 4 liter mixing bottle stirred by a fan. 
Subjects breathed ethyl iodide for 10 minutes. 


loss. Two 5 cc. samples of dog’s blood, kept fluid by oxalate, 
which originally contained 1.37 mg. of ethyl iodide, were preserved 
in syringes for 21 hours at 37° Analysis then showed 1.05 and 
1.01 mg., a loss of only 23 and 26 per cent. 

Before devising a technique for the determination of ethyl 
iodide in blood we attempted to determine the coefficient of dis- 
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tribution by analyzing vapor before and after its equilibration 
with blood, the amount dissolved being determined by difference. 
The difficulty of measuring gas volumes made the experiments 
very crude but the average of three determinations gave a coeffici- 
ent of 8.2 after from 6 to 12 minutes of equilibration and of 10.0 
after from 20 to 30 minutes. Experiments on plasma also showed 
a slowly rising coefficient. In confirmation of other workers 
(11) we have detected ethyl iodide in the alveolar and expired air 
after breathing it. The alveolar air samples were obtained by 
the Higgins-Plesch technique (12) beginning with 1000 ce. in the 
brass bag and rebreathing for about 25 seconds. The expired air 
samples were drawn from a 4.0 liter mixing bulb stirred by a fan. 
Large sampling tubes (up to 760 ec.) were used to minimize the 
chemical error. Typical experiments are recorded in Table XI. 
The results show that the excretion of ethyl iodide takes place 
slowly. Its characteristic odor can be detected on the breath for 
hours. It is not completely destroyed in the body. It must be 
carried to the lungs by the venous blood after and consequently 
during the inhalation of ethyl iodide. 

The return of ethyl iodide to the lungs during a determination 
constitutes a fundamental error in the ethyl iodide blood flow 
method. ‘Theoretically the size of this error could be determined 
if it were possible to get rebreathed air into equilibrium with the 
mixed venous blood within one circulation time after ceasing to 
breathe ethyl iodide. We have tried the procedure of rebreathing 
for about 30 seconds after turning off the ethyl iodide. Two 
chief errors may be involved. There is evidence that in 30 sec- 
onds part of the blood has returned to the lungs a second time (13). 
The persistence of the elimination of ethyl iodide after ceasing to 
inhale it indicates that the tension in the tissues supplies the ven- 
ous blood with ethyl iodide after the arterial concentration has 
fallen. Therefore, only a small error would result if some part of 
the blood returned a second time within the period of rebreathing. 
Of greater importance is the possibility that equilibrium may not 
be attained in 30 seconds. After breathing ethyl iodide the lungs 
are full of and their tissues saturated with a higher concentration of 
ethyl iodide than in the venous blood, and if equilibrium were not 
attained the results would be too high. We have in some experi- 
ments taken deep breaths from fresh air before rebreathing. This 
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should result in an initial concentration of ethyl iodide in the 
rebreathed air below that in equilibrium with mixed venous 
blood and failure to reach equilibrium would give a low result. 
Table XI shows that the results of these types of experiment (May 
14 and 13, October 5 and &) approach each other, their mean 
being in the neighborhood of 29 per cent of the previous Krogh- 
Henderson alveolar concentration. This procedure is similar 
in principle to the “straddling” method of obtaining samples 
of gases in equilibrium with mixed venous blood described by 
Christiansen, Douglas, and Haldane (14) and depends on the 
assumption that ethyl iodide is not given off by or absorbed into 
the lung fluids and tissues in sufficient quantities to influence the 
result. We do not regard the exact amount of ethyl iodide in the 
venous blood as established. 


DISCUSSION. 


By means of a chemical technique which we believe superior to 
that previously available we find the coefficient of distribution of 
ethyl iodide in air and normal blood to be 7.6. Results of this 
order of magnitude were obtained by previous investigators (15), 
but were disregarded because of the belief that ethyl iodide was 
rapidly destroyed in blood, the iodine pentoxide method deter- 
mining both ethyl iodide and its decomposition products. In the 
experiments in which a coefficient of 2 was obtained the surface of 
contact and the duration of exposure were extremely small in 
comparison with standard methods for the equilibration of blood 
with oxygen or carbon dioxide (16). Therefore we attribute the 
low results to failure to saturate with ethyl iodide. 

We submit evidence that ethyl iodide is not rapidly and con- 
pletely destroyed in blood or in the body, that it is eliminated by 
the lungs and so must occur in the venous blood during a blood 
flow determination, causing an error. The failure of others to 
find equivalent amounts of ethyl iodide in the alveolar and expired 
air after inhaling it (17) may well have been due to the rapid dis- 
appearance of ethyl iodide from the rubber bags used to collect the 
samples. The conception of a rapid destruction of ethyl iodide 
in blood in vitro (18) is due to underestimating its solubility. 

In the presence of these errors how did we and others (19, 20) 
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obtain results resembling blood flow with the ethyl iodide method? 
Apparently because the two chief errors tend to cancel each other. 
It should be pointed out that by assuming that the sample ob- 
tained by rebreathing for 25 seconds after inhaling ethyl] iodide 
approaches equilibrium with the mixed venous blood, and by 
using a coefficient of 7.6, figures for blood flow are obtained lower 
than those calculated without these corrections, but in good agree- 
ment with other blood flow methods." 

Evidence is accumulating that for subjects at rest samples in 
equilibrium with arterial blood are Lest obtained by the Haldane 
technique (21, 22). To correct for this would raise the blood flow 
figures somewhat. 

We believe that it may be possible to measure the circulation 
by means of ethyl iodide but the procedure cannot be as simple as 
that described by Henderson and Haggard. Experiments on this 
subject are being continued. 


SUMMARY. 


1. A method is described for the determination of ethyl iodide in 
air by means of its reaction with silver nitrate, the average accu- 
racy being 2.3 per cent for amounts from 2.35 to 0.12 mg. Adapta- 
tions of this method for the determination of similar amounts of 
ethyl iodide in water and blood are given. Satisfactory methods 
for the collection of samples of ethyl iodide in air and fluids are 
described. 


‘4 Experiment 1. Subject lying at rest. Pulse 70. Respiration 110.5 
liters in 15 minutes, inspired air = 1.44 mg. per 250 cc., expired air = 
0.78 mg. Krogh-Henderson alveolar air 0.32 mg., Plesch 0.09 mg. Blood 
flow figured according to Henderson and Haggard 7.6 liters per minute. 
Corrected for ethyl iodide in venous blood and using coefficient of 7.6 
(= 7.1 to correct for sampling at room temperature) blood flow equals 3.0 
liters per minute. Corrected to Haldane alveolar air, blood flow = ap- 
proximately 3.1 liters per minute. Experiment 2. Subject lying at rest. 
Respiration 117 liters in 15 minutes, pulse 72, inspired air = 1.69 and 1.70 
mg. per 250 cc., expired air 0.79 and 0.84 mg., alveolar 0.42 mg. Plesch 
0.14 mg. Calculated according to Henderson and Haggard blood flow = 
8.2 liters per minute. Corrected for ethyl iodide in venous blood and 
using coefficient of 7.6 blood flow = 3.5 liters per minute. Corrected to 
Haldane alveolar air blood flow = approximately 3.6 liters per minute. 
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2. Evidence is submitted that the iodine pentoxide method for 
the analysis of ethyl iodide is not reliable in the form described. 

3. Using the new technique, the coefficient of distribution of 
ethyl iodide in air and water has been determined to be 2.7; in air 
and normal blood in vitro to be 7.6 instead of 2.0 as previously 
believed. Plasma and anemic blood have a lower coefficient 
than normal blood. 

4. Evidence is submitted that the destruction of ethyl iodidein 
water and blood in vitro is a slow rather than a rapid process: that 
ethyl iodide is not completely destroyed in the body, but is elimi- 
nated by the breath and so must occur in the venous blood during 
its inhalation. 

5. That the ethyl iodide method for the determination of blood 
flow gives figures consistent with other methods appears due to 
the fact that the errors tend to cancel each other. In its present 
form the results cannot be accepted. 


We are indebted to Professor A. N. Richards for the suggestion 
that led to this investigation and for much advice during the work. 
We are also indebted to Professors Henderson and Haggard for 
personally instructing us in the use of the ethyl iodide blood flow 
method and for supplying us with iodine pentoxide and other 
necessary materials. 
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CONCERNING PSEUDOMORPHINE.* 


By A. K. BALLS. 


(From the Department of Pharmacology, University of Pennsylvania, 
Philadelphia.) 


(Received for publication, October 28, 1926.) 


Pseudomorphine (oxydimorphine, dehydromorphine) is not well 
known. It has been studied only in a desultory way and over 
a long period of years. Even its existence as a chemical entity 
is sometimes doubted. Work in this laboratory has led to the 
preparation and study of this base, which exhibits some interest- 
ing and unrecorded peculiarities. The present paper aims to 
present a general and largely qualitative description of this 
substance. 


Pseudomorphine was first described in 1835 by Pelletier (1), who made 
known several of its characteristic properties and noted its pharmacological 
inertness. Realizing its close relationship to morphine, Pelletier named the 
substance pseudomorphine, the designation used in this article. It was 
recognized as an oxidation product of morphine by Hesse (2), and the now 
accepted formula was first proposed by Polstorff (3), reasoning from a series 
of syntheses in the morphine derivatives. This was later confirmed through 
the molecular weight determinations of Bertrand and Meyer (4). 

Pseudomorphine is regarded as 2 morphine molecules, each lacking 1 hy- 
drogen and linked through the carbon. As shown by Hesse’s acetylation 
of the base (5) the four hydroxyl groups are intact, yielding a tetraacetyl 
derivative, according to Vongerichten (6). This author was able to pre- 
pare a mono-, but not a dimethylpseudomorphine, and concluded that the 
phenolic properties of 1 hydroxyl were modified. The identification of 
pseudomorphine, and its differentiation from morphine, have rested almost 
entirely on color reactions, many of the best being described by Marmé (7) 
and Hesse (8). The insolubility of the base itself, and of its sulfate, a strik- 
ing property though sometimes exaggerated, has been used, but rarely. 

Theoretically, pseudomorphine should be the first oxidation product 
of morphine. As a matter of fact, its presence has been reported at times 





* This work was made possible by a grant from the Committee on Drug 
Addictions, New York City. 
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in almost every reaction where morphine is oxidized, particularly in oxida- 
tions by silver and copper salts (5, 9, 10); by permanganate (11); by air in 
the presence of alkali (12); as produced in the drying of opium; by the ac- 
tion of a tyrosinase-like ferment on morphine (13, 14); and asa degradation 
product of morphine in the animal body (15). While some of these observa- 
tions, notably the last, have been disputed (16), the importance of pseudo- 
morphine in studying the oxidation of morphine is undoubted. 


Preparation. 


Morphine may be conveniently oxidized by potassium ferri- 
cyanide (Polstorff (3)); or by hydrogen peroxide in the presence 
of potassium cuprous cyanide, which acts as a catalyst (Denigés 
(17)). The latter method was used. By adjusting the acidity 
of the solution to between pH 6.5 and 6.8, the yields can be some- 
what increased, though a yield of 25 per cent is a good one. 

The crude base is contaminated with morphine, cyanides, ad- 
sorbed salts, and a number of other morphine oxidation prod- 
ucts. It must be carefully purified, and instead of crystalliz- 
ing from ammonia (9), a quite different method was worked out: 
the resulting precipitate of crude base is redissolved in HCI (proper 
care being taken for the presence of HCN during the operation), 
then reprecipitated by ammonia at a pH of 6.5. Phenol red is a 
convenient indicator for testing the reaction. This is repeated, 
and no attempt is made to wash the second precipitate. Most 
of the morphine and all of the cyanide are removed in this way. 
The hydrochloride is again prepared and salted out as such by 
adding between 5 to 10 volumes per cent of concentrated HCl. 
Morphine hydrochloride is soluble under these conditions, its 
maximum insolubility occurring at about 5 volumes per cent. 
The hydrochloride is now quite free from morphine, but as an 
additional measure is recrystallized from a large volume of water, 
in which it is much more insoluble than the corresponding mor- 
phine salt. It is then collected and when dry boiled up with 
methyl alcohol containing a little HCl, filtered off, and again 
dried. All other oxidation products of morphine are thus re- 
moved, and the resulting heavy white powder is pseudomorphine 
hydrochloride.' 

1 Hesse (8) reported a basic hydrochloride of pseudomorphine, which it 
is believed this method of purification eliminates. The preparation on 
analysis was shown to contain 2 equivalents of HCl per equivalent of 
pseudomorphine. 
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Identification. 


The compound was identified by its insoluble sulfate; by the 
composition of the silicotungstate, which follows the general rule 
of Bertrand (18) (when pseudomorphine is regarded as dibasic); 
and by the series of reactions proposed by Marmé (7) particularly 
to distinguish this base from morphine and codeine. Confirma- 
tion of the reported optical activity was not obtained, but this 
will be described at length in a later paper. 


General Reactions. 


The free base is easily prepared by neutralizing the salts with 
alkali. The precipitated base, however, becomes an amorphous 
mass on washing, so fine that it cannot be centrifuged properly, 
and so sticky that it cannot be filtered. It is readily coagulated 
by traces of electrolytes and adsorbs them. 

Pseudomorphine is a weaker base than morphine, and a stronger 
acid. The isoelectric point has not yet been properly determined, 
but appears to be close to pH 8.0, with, however, a pretty wide 
isoelectric range, which makes possible its separation from mor- 
phine by precipitation in slightly acid solutions. 

While the insolubility of the base was so striking a character- 
istic as to receive early comment (2), the reported solubilities of 
both the base and its salts show many contradictions. Observa- 
tion of the preparations in this laboratory have shown the fol- 
lowing. 

Pseudomorphine is soluble in aqueous and (contrary to general 
belief) also in alcoholic ammonia, though more readily in the 
former. It is not precipitated by excess of ammonia. The 
results from any of the methods of separation from morphine 
depending upon these solubilities with ammonia are dubious. 
The base is soluble in most acids and in the caustic alkalies; 
sodium carbonate solution dissolves it only to a limited extent. 
The liquid hydrocarbons, the lower aliphatic ethers and esters, 
the lower alkyl halides, and water have apparently no solvent 
action on the dried and powdered base. Traces dissolve in hot 
butyl, amyl, or heptyl alcohol, and a small but measurable solu- 
bility oecurs with the lower alcohols. The extraction of pseudo- 
morphine by amyl or butyl alcohol in a funnel is practically 
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impossible, but in an efficient continuous extractor it may be par- 
tially removed by persistent extraction. This is an important 
consideration in regard to the usual methods of alkaloid isolation 
from biologic material, and it is doubtful whether these methods 
would even reveal the presence of pseudomorphine, except in 
unusually favorable cases. Certain cyclic liquids are good sol- 
vents for pseudomorphine. Among these are pyridine and ani- 
line, perhaps because of their basic properties. Guiacol and the 
cresols also dissolve it, better on heating. The best solvents 
found in this laboratory are wood creosote, benzyl alcohol, and 
pyridine. A large number of mixtures were tried in hope of 
finding some suitable combination of solvents, but without suc- 
cess. This property of insolubility is continued in the various 
salts, all of which are comparatively less soluble than the cor- 
responding morphine derivatives. The hydrochloride is a white 
poorly crystallized substance which analyses showed to be an- 
hydrous when dried in vacuo or at 115°. The solubility in water 
was found to be about 1 part in 125, and this is rapidly decreased 
by the common ion effect of chlorides. Strong hydrochloric 
acid dissolves it, however. The aqueous solution hydrolyzes on 
dilution, slowly precipitating the free base. It is impossible, 
therefore, to prepare an acid or aqueous solution, except within 
a narrow range of concentrations. 

The sulfate resembles the hydrochloride, except that it is less 
soluble. In methyl and in ethyl alcohol, the hydrochloride is 
practically insoluble, and the sulfate quantitatively so. This 
is a characteristic difference from morphine. The salts most 
soluble in water are the acetate, benzoate, and salicylate, and in 
aleohol particularly the last two. The picrate is fairly water- 
soluble, the picrolonate less so, while difficultly soluble com- 
pounds (resembling those with morphine) are formed with per- 
chloric acid, lead chloride, and platinum chloride. Trichloroacetic 
acid precipitates an insoluble salt, which is not redissolved easily 
by alcohol or acetic acid (distinction from morphine). 

The silicotungstate is thrown out of acid solutions as a finely 
divided, gelatinous, nearly white precipitate, which may be 
coagulated by electrolytes. When dried at 120° it differs from 
the corresponding morphine salt in color, and ‘in containing no 
water of crystallization. It also differs in being much more 
insoluble in dilute acids and alcohol, and éan even be completely 





eus® ee 


aus Gane 


ow ee se ee en en ee a 


mm Be 


par- 
ant 
Lion 
ods 
in 
sol- 
uni- 
the 
nts 
und 
of 
uc- 
Ous 
-Or- 
ite 
an- 
ter 
sed 
TIC 
on 
dle, 
hin 


ess 


his 
ost 

in 
er- 
m- 
er- 
tic 
ily 





A. K. Balls 541 


precipitated from hot solutions. The pseudomorphine salt can 
be distinguished from the corresponding precipitates of morphine, 
its other oxidation products, and of proteoses, peptones, etc., 
by its behavior in nearly neutral buffer solutions. While these 
other silicotungstates are easily soluble in phosphate buffers of 
pH 6.5, pseudomorphine silicotungstate is insoluble at pH = 8.0. 
This gives a valuable method of separating pseudomorphine 
from these similarly reacting substances. By adjusting the 
reaction of an alkaline solution of the mixed silicotungstates with 
KH.PO, until a pH of 7.2 to 7.5 is reached (slightly alkaline to 
litmus paper), pseudomorphine is completely removed as a mix- 
ture of the silicotungstate and the free base. 

Some of the reactions just discussed serve admirably as tests 
for pseudomorphine. The insolubility of the sulfate is useful, 
and also that of the base itself, combined with its peculiar ap- 
pearance on first separating out of solution. This was de- 
scribed by Pelletier (1) as a mother of pearl luster and is easily 
recognized after a little experience. The isoelectric point of 
the base is such that the hydrolysis produced in nearly neutral 
solutions of its salts by such substances as potassium phenol- 
sulfonate, potassium fluoride, and the like, is sufficient to cause 
this characteristic precipitation from even fairly dilute solutions. 
The presence of pseudomorphine in morphine may be recognized 
by adding such substances to the solution, or by using an excess 
of M/5 phosphate buffer of pH 6.5. Morphine will remain in 
solution; pseudomorphine is precipitated immediately. 

The statement that pseudomorphine exerts no narcotic effect 
was confirmed by injecting a 5 kilo dog under the skin with 0.100 
gm. of the hydrochloride. For an hour and a half the dog showed 
no unusual behavior and remained apparently normal for some 
days thereafter. 

Pseudomorphine decomposes on either oxidation or reduction. 
In alkaline solutions, when shaken with air the pseudomorphine 
is gradually replaced by more highly oxidized bodies. It is 
therefore doubtful if much pseudomorphine can be obtained by 
the action of silver or gold salts on morphine. An ammoniacal 
solution of silver oxide was allowed to react with morphine for 
15 days. During this time all of the morphine had disappeared 
but at no time during the process could the presence of more than 
a trace of pseudomorphine be demonstrated. A solution of 








542 Pseudomorphine 


morphine in caustic potash containing a trace of copper was 
shaken in the air. Rapid absorption of oxygen occurred, and 
the morphine soon disappeared. Again, however, only small 
traces of pseudomorphine were found in the solution at any given 
time. 

On treating pseudomorphine with zine dust and alkali the 
concentration diminishes, and bodies resembling morphine in 
precipitation with silicotungstic acid remain. The nature of 
these products of reduction has been left undetermined, awaiting 
a more generous supply of material, but that they are not mor- 
phine seems evident from the work of Donath (19) with similar 
reducing agents. 

SUMMARY. 

The preparation of pseudomorphine and a method of purifi- 
cation are described, the latter being based upon a rather wide 
survey of its chemical properties. The most striking properties 
are the insolubility of the base and many of its salts in organic 
solvents as well as in water, and the behavior of the silicotung- 
state in buffer solutions. Because of its insolubility, good sol- 
vents for the base are useful, and three have been found: 
pyridine, guiacol, and benzyl alcohol. A number of tests dis- 
tinguishing pseudomorphine from morphine are described, 
applicable to mixtures of the two. 
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This paper aims to present a number of analytical methods, 
worked out in this laboratory, for studying systems in which mor- 
phine is gradually oxidizing. In order to approach a quantitative 
study it is necessary to possess a scheme of analysis for such 
rapidly changing systems whereby not only the residual morphine 
may be estimated, but also some information may be obtained 
concerning the amount of morphine-derived substances existing at 
various oxidation levels. The problem of devising such a scheme 
differs from the usual one of isolating and estimating morphine 
itself, not only by its object, but also by taking into account the 
properties of several other substances which must be estimated 
in the presence of each other. 

When a solution of morphine undergoes gentle oxidation, some 
of the substances formed resemble morphine in many chemical 
properties. In particular they are capable of further oxidation, 
hence are reducing agents; their behavior with many reagents of 
alkaloid chemistry is like that of morphine; they are precipitated 
by the complex acids of tungsten and molybdenum; and they are 
comparatively insoluble in solutions near the neutral point. 

The first of these oxidation products is theoretically pseudo- 
morphine, formed by the removal of 1 equivalent of hydrogen per 
morphine. The occurrence of this substance is a possibility in 
any morphine oxidation, and its presence has been reported in a 
great number of cases, such as oxidation by gold or silver salts, by 
oxygen in alkaline solutions, by hydrogen peroxide, by tyro- 

* This work was made possible by a grant from the Committee on Drug 
Addictions, New York City. 
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sinase-like ferments, and by many other means. Because of the 
probable formation of pseudomorphine at the very outset of 
morphine oxidation, its consideration in these methods was 
regarded as important, and the properties of pseudomorphine 
were first studied and have been given in a previous paper. 

Besides pseudomorphine, a large number of other substances 
formed during the early course of the oxidation, are precipitated 
by phosphotungstic and silicotungstic acids, and apparently 
nearly as completely as morphine itself. If then silicotungstic 
acid be added to partially oxidized morphine in solution under 
proper conditions, it will precipitate pseudomorphine, morphine, 
and a heterogenous group of substances resembling morphine 
and pseudomorphine in many ways, but containing less hydrogen. 
To distinguish these substances from pseudomorphine and to 
classify them (for convenience) as a group, we shall call them 
“higher oxidation products of morphine,” without regard to the 
fact that such a group is comprised of many substances probably 
of widely differing structure, some of which are still active re- 
ducing agents. 

The quantity of these substances is, however, a measure of the 
amount of morphine oxidized beyond the pseudomorphine stage, 
and yet not far enough to loose all chemical resemblance to the 
parent alkaloid. Precipitability by silicotungstic acid becomes 
for the time being the criterion of this group, but it is not entirely 
an artificial one, because a very large proportion of the complex 
bodies formed on oxidation is precipitated in this way. This 
procedure has the advantage of almost instantaneously removing a 
large part of the morphine-derived substances from the further 
effect of the oxidant. It allows a mixture of continuously changing 
composition, in which the constituents sought are unstable, to be 
fixed at a given time and separated afterward. 

The separation has been worked out to allow the determination 
of morphine-like substances at three levels of oxidation; namely, 
residual morphine, pseudomorphine, and the empirical class of 
higher oxidation products. From such analytical data, and in 
systems originally containing known amounts of morphine and 
oxidant, five variables may be evaluated as aids in following 
the reaction. 

From the mixture of silicotungstates, pseudomorphine is sepa- 
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rated first, and its removal allows an accurate determination of 
morphine, which is not possible, at least by any of the commonly 
described methods, in the presence of pseudomorphine. The 
morphine is next removed from the higher oxidation products and 
may be determined by any of the numerous accepted procedures. 
The precipitation method described is selected because it has given 
very satisfactory results. 

The behavior of morphine in biological material such as animal 
tissues cannot be followed so easily. The estimation of morphine 
under such circumstances has received much attention and an 
extensive literature describes the work. The methods all depend 
ultimately upon the isolation of morphine in some comparatively 
pure form, and the presence of pseudomorphine would never 
interfere, because if present, it would be excluded by the various 
processes of protein removal, clarification, and alkaloid extraction 
which in one form or another invariably accompany all our mor- 
phine methods. Only a few attempts have been made, however, 
to measure the pseudomorphine. Marmé (1) sought to do this, 
apparently using methods resembling those for morphine, to 
which, for this purpose, objection has just been taken. Donath 
(2) was able to estimate both bases, but in urine only, and hardly 
with satisfying accuracy. In this laboratory a method of deter- 
mining both morphine and pseudomorphine when together in 
biological material has been developed, but in such a complex 
mixture no way of estimating the amount of “higher oxidation 
products” has been successful. This is because proteins, pro- 
teoses, and some peptones are also precipitated with silicotungstic 
acid, while the prior removal of these interfering substances would 
here, as in the standard methods for morphine, carry off prac- 
tically all the pseudomorphine, and much of the more highly 
oxidized group. 

An account of the materials used in testing these methcds is 
given below, followed by descriptions of the details in determining 
the individual bases. The scheme of separating the mixed silico- 
tungstates is next outlined, and finally a description of the 
modification adapted to biological material is given. 


Preparation of Materials. 


Morphine.—Pure morphine was prepared from the commercial 
hydrochloride by a method designed primarily to eliminate pseudo- 
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morphine and the other oxidation products. The acetic acid 
solution was warmed with decolorizing carbon, and the base 
precipitated first by ammonia and secondly after solution in 
caustic potash, with acetic acid, adjusting the reaction to about 
pH = 9.0. Kolthoff (3) has determined the iscelectric point of 
morphine at pH = 8.96. The free base was redissolved in hydro- 
chlorie acid and salted out of this solution by adding about 5 
volumes per cent of the concentrated acid. At this concentration 
the morphine hydrochloride exhibits a maximum insolubility. 
The hydrochloride was then dissolved and crystallized out of 
pure methyl alcohol, washed with ethyl alcohol, and dried under 
reduced pressure. A practically anhydrous morphine hydro- 
chloride was obtained, with a specific rotation [a], = —96.4 +0.4 
at 27° on a 2 per cent solution (calculated to a basis of 3H2O of 
crystallization). On further recrystallization from water this 
rotation did not change appreciably. [a], = —95.9 (2 per cent 
solution). 

The free base was prepared from this hydrochloride by precipi- 
tation with ammonia, solution in boiling absolute alcohol, and 
separation from this solution by chilling. Washed with alcohol 
and vacuum-dried, it was a white, feathery, beautifully crystalline 
substance containing 6.22 per cent water, which corresponds to 
slightly more than 1 mo: of water of crystallization. 

Pseudomorphine.—The preparation of pseudomorphine hydro- 
chloride has been described in a preceding paper. 

Higher Oxidation Products.—A solution of the higher oxidation 
products of morphine was made by treating the slightly alkaline 
solution of commercial hydrochloride with successive additions of 
3 per cent hydrogen peroxide for 24 hours on the water bath. On 
testing the dark colored solution, it was found to contain neither 
morphine nor pseudomorphine. It was then acidified with 
hydrochloric acid, evaporated to dryness, to remove hydrogen 
peroxide and free acid, dissolved in water with a small amount of 
potassium bicarbonate and filtered to remove a small amount of 
insoluble matter. 

The morphine-derived substances in this solution were precipi- 
tated by silicotungstic acid, but the precipitate is more readily 
soluble in water than that formed from morphine itself. They 
were partially precipitated by strong acids, completely and readily 
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soluble in even very weak alkali. On evaporating the acid solu- 
tion, these dark colored substances were partially soluble in the 
higher alcohols, chloroform, and benzyl alcohol; nearly insoluble in 
the liquid hydrocarbons, lower alcohols, and ether. From alkaline 
solutions, they were not removed by any of these solvents. These 
substances resemble morphine in their qualitative properties only 
by precipitability with most of the alkaloidal reagents, such as the 
derivatives of tungstic and molybdie acids, picrolonic acid, 
trichloroacetic acid, salts of lead, mercury, gold, platinum, and the 
like. They are obviously more acid in character than either 
morphine or pseudomorphine. 

The precipitate with silicotungstic acid, when dried at 120° 
contains about 64 per cent silica and tungsten oxide, which is less 
than the value for the corresponding morphine precipitate. 


TABLE IL. 
Determination of Morphine as Silicotungstate. 





| 




















Morphine (free base). | 
) iis ones ~ | Calculated from Calculated from 
Sample No. Found. oxides. loss on igniting. 
Taken. Calculated from 
dried precipitate. 
gm. gm. gm. gm. 
1 0.0815 0.0807 0.0807 0.0807 
2 0.1630 0.1622 0.1640 0.1594 
3 0.0818 0.0818 
a 0.0805 0.0815 





Determination of Morphine as Silicotungstate. 


Bertrand (4) showed that morphine silicotungstate dried at 
120° has a constant composition: SiQ.-H,O-12WO;-4 morphine 
+ 3H.O. As a means of estimating morphine it is open to two 
objections, appreciable solubility and a tendency to form colloidal 
suspensions. These difficulties are overcome by using solutions 
of small volume containing a strong electrolyte, in which the 
freshly formed precipitate is coagulated by shaking. 

The morphine solution, if possible not more than 10 cc. in volume, 
is placed in a small test-tube, acidified with hydrochloric acid, and 
a few crystals of potassium chloride are added. An excess of 
acid, even amounting to 2 or 3 per cent, does no harm. An approxi- 
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mately 10 per cent excess of silicotungstic acid is added (as a 10 
per cent solution in water). A yellowish pink precipitate forms at 
once. The tube is stoppered and vigorously shaken for several 
minutes, then chilled by immersing in cold water. The precipi- 
tate coagulates and may be filtered onto a Gooch mat. Some of 
the filtrate is used to wash out the tube., The morphine silico- 
tungstate is washed with cold water containing 2 or 3 cc. of hydro- 
chloric acid per liter, but on account of the solubility of the pre- 
cipitate an excess of wash water is avoided. Alcohol should not 
be used as a washing fluid. The crucible is dried at 120° until 
weight is constant (usually 2 or 3 hours). The method has the 
advantage that only 0.2810 of the weighed precipitate is morphine 
(as free base). 

As a check determination the crucible may be ignited, and the 
weight of the residual oxides of tungsten and silicon determined. 
Due to the hygroscopic nature of freshly ignited silica, this pro- 
cedure needs care. 


Morphine silicotungstate 3H,O (as dried at 120°) X 0.2810 = free base. 
Ignited oxides X 0.401 = free base. 
Loss on ignition of the silicotungstate 0.9406 = free base. 


Working with pure morphine solutions, the method gives most 
excellent results, provided the volume of liquid is kept small. 


Determination of Pseudomorphine. 


No quantitative methods for the estimation of pseudomorphine 
have been described. The exceptional insolubility of many salts 
of this base makes several good methods possible. In this labora- 
tory pseudomorphine has been determined in three forms, the 
free base, the silicotungstate, and the sulfate. 

Determination as the Silicotungstate—The precipitation of 
pseudomorphine silicotungstate can be carried out in the same 
manner as that of morphine silicotungstate, but the greater 
insolubility of the pseudomorphine compound makes it unneces- 
sary to reduce the volume of the solution so much. The solution 
may be warmed. The precipitate is weighed on a Gooch mat after 
drying at 120°, but it may be safely washed with alcohol as weli as 
with acidulated water, which facilitates the drying. The weighed 
precipitate may also be ignited as a check determination. The 
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precipitate when dried at 120° contains no water of crystallization, 
and the factors for calculating the free base are as follows: 


Pseudomorphine X 0.283 = free base. 
Ignited oxides X 0.399 = “ - 
Loss on ignition X 0.970 = 


Determination as Free Base-——Pseudomorphine has a rather 
wide isoelectric range, and since the free base is highly insoluble, 
it may be precipitated by adjusting the reaction of the solution to a 
pH of about 7.8. The separated base is hard to filter unless 
electrolytes are present; a convenient method of obtaining the 
proper conditions is to make the solution decidedly alkaline with 
KOH or NH,OH, and then add a large amount of solid ammonium 
chloride. After this dissolves, the solution should be acid to 


TABLE II. 
Determination of Pseudomorphine as Silicotungstate. 











Pseudomorphine. 











Taken. Found, 
gm, gm, 
0.0218 0.0218 
0.0436 0.0432 
0.0436 0.0429 
0.0872 0.0884 








phenolphthalein, but still alkaline to litmus. The base precipi- 
tates very slowly and is crystalline. It may be filtered in a Gooch 
crucible, washed with 30 per cent alcohol, and dried to constant 
weight. Water cannot be used as a wash liquid, since the base 
comes through the filter in colloidal condition when all the salts 
are removed. Under these conditions the solubility of the base is 
about 2 mg. per 100 cc.; so the method is not recommended for 
small amounts. 

Determination of Pseudomorphine as Mixture of Silicotungstate 
and Free Base.—If silicotungstic acid be added to the alkaline 
solution of pseudomorphine, and the reaction adjusted as described 
for the free base, a mixture of the free base and the silicotungstate 
separates. This precipitation is quantitative. In order to deter- 
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mine the pseudomorphine it is filtered off, washed with 30 per cent 
alcohol, and the loss, on ignition, in the weight of the dried precipi- 
tate is found. Considerable variations in the pH of the solution 
do us no harm, but merely change the ratio of free base to silico- 
tungstate precipitated. Since the presence of ammonium salts 
may be objectionable, other substances having a buffer effect may 
be used to adjust the reaction. Glycocoll is satisfactory, and a 
solution of potassium dihydrogen phosphate works very well. 
With the last named substance, the solution is made slightly but 
distinctly alkaline to litmus. The advantage of this method 
lies in its ability to separate pseudomorphine from morphine, the 
higher oxidation products of morphine, and protein hydrolysis 
products. 
TABLE III 

Determination of Pseudomorphine as Mixed Precipitate of Free Base and 

Silicotungstate. 





Pseudomorphine (free base). 
epee \ermeasieiiamet ssc eeemaneiaas Buffer solution contained. 


Taken. | Found, 

gm. gm. 
0.0626 0.0638 NH,Cl 
0.0626 0.0607 
0.0624 0.0625 
0.0626 0.0622 | KH.PO, 
0.0624 0.0606 

Glycocoll. 


0.0626 0.0614 





When considerable silicotungstate occurs in the precipitate the 
loss on ignition must be corrected by the amount of combined 
water present. This may be calculated from the weight of the 
oxides remaining in the crucible after ignition. 


Free base = loss on ignition of mixed precipitate — (0.013) x (weight of 


oxides remaining after ignition). 

Determination as Sulfate-——Pseudomorphine sulfate is only 
slightly soluble in strong alcohol, and even less so in acetone. 
From either of these media, but particularly from the latter, it is 
quantitatively precipitated in the presence of sulfuric acid. The 
method is useful in separating pseudomorphine from alkaloids, 
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particularly morphine, which give soluble sulfates. The precipi- 
tate is brought into a Gooch crucible, washed with acetone, and 
dried to constant weight at 100°. 


Pseudomorphine sulfate X 0.852 = free base. 


Separation of Morphine, Pseudomorphine, and Higher Oxidation 
Products of Morphine. 


After acidifying an oxidizing morphine solution and treating 
with silicotungstic acid, these substances are at hand as the silico- 
tungstates. They are thus quickly removed from the reaction, 
and may be separated at leisure. When all three classes of con- 
stituents in this precipitate are to be estimated, it is necessary to 
work with two parallel samples, on one of which the total weight 
of precipitated silicotungstate is determined, while on the other 
the morphine and pseudomorphine are found. When the last two 
are known, the quantity of the higher oxidation products (as silico- 
tungstates) can be calculated by difference. It is necessary then 
to determine morphine and pseudomorphine in the presence of each 
other and of the higher oxidation products. 

The separation of pseudomorphine has been done by using the 
ammonium chloride or the potassium phosphate buffer solution 
previously described, which yields a mixture of the free base and 
the silicotungstate. Neither morphine nor its higher oxidation 
products interferes. Small amounts of protein and other foreign 
substances precipitable by silicotungstic acid are likewise harmless, 
but of course do prevent the parallel estimation of the higher 
oxidation products. The case where large amounts of protein are 
present, as in tissue, is discussed later. 

The filtrate from the pseudomorphine contains the morphine 
which must be separated now from its oxidation products. This 
can be done by taking advantage of the more pronounced acidic 
character of the latter group and extracting the morphine from 
a comparatively alkaline solution. 

Considerable objection has been made to the method of remov- 
ing morphine by extraction, and it is liable to serious error unless 
the reaction of the solution is carefully regulated and kept constant 


. during the extraction. Morphine is most easily extracted at its 


isoelectric point, approximately pH = 8.9. A variation from 8.9 
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TABLE IV. 
Extraction of Morphine from Solutions of pH = 9.1in a Continuous Extractor. 


Morphine (base). 


———e a cms - Extraction time. Solvent. 
Added. | Recovered. 

; ~~ |m-. ain | 
0.0815 , 0.0815 60 CHCl; + C.H;OH. 
0.0815 0.0800 50 - ” 
0.0815 0.0820 40 Amy! alcohol. 
0.0815 0.0817 60 ™ as 
0.0815 0.0790 40 Butyl ” 

TABLE V. 


Estimation of Pseudomorphine in Presence of Morphine and Its Oxidation 
Products. 


| | Higher oxidation 
Morphine Pseudomorphine products calculated 
(free base). | (free base). as silicotungstate 
| | X 0.36. 
| 
| 
| 
| 


gm, qm, gm, 
OR. 5 Sb wines Jl 0.2 0.0626 0.05 
Recovered...........| 0.0660 
TOMOR...... , al 0.18 0.0626 0.05 
Recovered...... oe 0.0660 
Taken...... — 0.15 | 0.0626 | 0.03 
Recovered...........| 0.0631 
a i ; 0.15 0.0624 0 
Recovered...... | | 0.0600 | 
| 

cating sd 0.15 | 0.0624 | 0.03 
Recovered.......... .| 0.0612 | 

| 
ee 0.10 | 0.0624 | 0 
Recovered...........| 0.0616 

| 
ee eine ' 0.10 0.0626 | 0.015 
Recovered.......... | 0.0632 


to 9.1 is quite allowable, but the solution retains considerable 
morphine if the variation becomes larger. This is very noticeable 
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with amyl alcohol, which is one of the best solvents for the alka- 
loid. A variation on the acid side is of less moment with the lower 
alcohols and chloroform as solvents, due to the solubility of 
morphine salts in the former, and the practice of mixing ethyl 
alcohol with the latter. Variation on the acid side of the iso- 
electric point will allow the oxidation products to be extracted also; 
while the older methods of using an excess of ammonia or soda 
hold back morphine because the solution is far too alkaline. The 
necessity for a heavily buffered solution, containing for instance 
much phosphate, is also quite apparent. 


TABLE VI. 
Results of Described Method for Estimating Morphine, Pseudomorphine, and 
Their Silicotungstic Acid-Precipitable Oxidation Products in Vari- 
ous Synthetic Mixtures. 














Higher oxidation 

Morphine Pseudomorphine | products calculated 

(free base). (free base), as silicotungstate 
X 0.36. 

gm. gm, gm. 

OE ee ery 0.0163 0.0624 0.0860 
Recovered...... aa 0.0164 0.0596 0.0876 
MR ie es eae ow 0.0815 0.0624 0.0130 
ere 0.0808 0.0612 0.0142 
| Era ee 0.0165 0.0624 0.0860 
Recovered........... 0.0173 0.0618 0.0846 
a acto 0.0815 0.0124 0.0860 
Recovered. ..... ye 0.0832 0.0112 0.0875 


It is not generally realized that butyl alcohol and alcohol 
containing chloroform will extract large quantities of morphine 
from even strongly acid solutions, at least if continuous extraction 
isemployed. With butyl alcohol as a solvent, 10 cc. of a (nearly) 
1 per cent morphine hydrochloride solution, containing 1 per cent 
sulfuric acid, were extracted for 30 minutes in a continuous extrac- 
tor. By this time 72 per cent of the morphine had been removed. 
In a similar experiment amyl alcohol removed only 9 per cent of 
the morphine in the same time. The last traces of the alkaloid 
are removed only with difficulty, however, and there seems no 
possibility of basing an analytical procedure on this behavior. 
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For the separation of morphine from its oxidation products, the 
filtrate from the pseudomorphine (evaporated if necessary) is 
treated with 2 or 3 gm. of disodium phosphate, and then sufficient 
potassium hydroxide to bring the reaction to a pH = 9.0 or 9.1, 
Because the solutions are frequently highly colored, this is best 
tested by bringing a drop of the solution in contact with a drop 
of dilute brom-thymol blue on a spot plate. Comparison with a 
known buffer solution makes a sufficiently accurate adjustment 
easy. The solution is placed in a continuous extractor, and may 
be extracted with amyl or butyl alcohol (under vacuum) or with 
chloroform containing about 5 per cent ethyl alcohol. Since 
extractors vary greatly in their efficiency, no time of extraction 
can be specified. With the “lighter than water’ extractor used 
in this laboratory, 0.1 gm. of morphine dissolved in 10 to 15 ce. 
of solution is completely removed by amy] alcohol in 35 minutes. 
The solvent is evaporated on the water bath, being replaced with 
water containing a few drops of hydrochloric acid. Usually 
traces of waxy substances are present and can be removed by 
shaking the acid solution once or twice in a separatory funnel 
with pure chloroform or benzene. The acid solution is then 
evaporated, nearly to dryness, filtered if necessary, and the mor- 
phine in this small volume of liquid is determined as already 
described by the silicotungstate precipitation. 


Determination of Morphine and Pseudomorphine in Tissue 


As stated previously only the determination of morphine and 
pseudomorphine is considered, not that of the higher oxidation 
products. 

The method was worked out on ground beefsteak containing a 
considerable amount of fat. It is not claimed to be applicable 
to material differing greatly from this. Weighed amounts of the 
powdered bases were added to the meat, and then thoroughly 
incorporated by grinding with sand. 

The separation of these bases from tissue is rendered difficult 
by the similarity between proteoses and pseudomorphine in their 
behavior toward precipitants. It may be made from small 
amounts of proteose, peptone, and the like, by precipitating the 
free pseudomorphine at its isoelectric point, or by precipitating 
the mixture of free base and silicotungstate at a pH of 7.3 to 7.5. 
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With fairly large quantities of pseudomorphine, the former pro- 
cedure is satisfactory, but with only a few mg., the protein acts as a 
protective colloid, and interferes with the precipitation of the 
base, so that the alternative method must be used. 

It is necessary first to remove the bases to be determined from 
the greater part of the tissue constituents. This is done by taking 
advantage of the solubility of both morphine and pseudomorphine 
in benzyl alcohol. At the pH of ordinary tissue fluids, pseudo- 
morphine is present entirely as the free base. 

From 10 to 30 gm. of meat are thoroughly disintegrated in a 
mortar with a known weight of sand, and then transferred to a 
weighed flask. About 50 ec. of absolute alcohol are added, and 
the mixture shaken until thoroughly uniform. It is allowed to 
stand for a few minutes until dehydration of the shreds of tissue 
is complete, then 100 to 125 ce. of benzyl alcohol are added. The 
shaking is repeated, and the contents of the flask heated to about 
70° by immersing in warm water. The tissue should now present 
a rather translucent and uniform appearance and all fat should be 
dissolved. The flask is allowed to stand until cool, and again 
weighed, in order to determine the exact amount of material 
(exclusive of sand) which it contains. An aliquot part of this 
material is taken by weighing the solvent filtered off through a dry 
hardened filter paper into a tared flask. This aliquot generally 
represents about 80 per cent of the total. A correction may be 
made for the weight of the anhydrous tissue present in the solvent. 
This method is easier than the corresponding volumetric procedure, 
when handling a substance as viscid as the benzy] alcohol mixture. 
The expense and difficulty of handling large amounts of benzyl 
alcohol make the more accurate method of exhaustive extraction 
impracticable. 

Besides its aliquot of the alkaloids, the solvent contains fat, very 
small amounts of protein, and coloring matter. The bases are 
next extracted from the solvent by dilute hydrochloric or acetic 
acid. Since the specific gravity of benzyl alcohol is near that of 
water, the solvent is mixed with an equal volume of benzene which 
decreases its specific gravity and also lessens the solubility of the 
bases in the non-aqueous phase during extraction. The extraction 
ismade repeatedly in a funnel with 3 percent hydrochloric acid until 
the extract gives no opalescence with phosphotungstic acid. One or 
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two extractions are then made with distilled water, all the extracts 
united, and washed by shaking twice or thrice with benzene. If 
the water layer is not clear, and it usually is not, it is filtered 
through hardened paper. This extraction should be thorough, 
and very dilute acid must be used, because of the insolubility of 
pseudomorphine salts in acid. No trouble is caused by permanent 
foam or emulsion. 

The acid extract is next evaporated to small volume, never over 
15 cc. It should be at the most only slightly yellow. It is 
brought into a small beaker, cooled, a few crystals of potassium 
chloride added, and then sufficient silicotungstic acid for com- 
plete precipitation. After the precipitate, which may become 
sticky, has collected together, it is filtered, washed with a little 
0.2 per cent hydrochloric acid, and then dissolved off the filter with 
a few drops of warm dilute potassium hydroxide solution. The 
volume should not be more than 15 or 20 cc., unless large amounts 
(50 mg. or more) of morphine are present. 

The pseudomorphine is next precipitated, by first neutralizing 
the liquid to phenolphthalein with hydrochloric acid and then 
adding a solution of KH.PO, drop by drop until the liquid is just 
slightly but definitely alkaline to litmus paper. The mixture of 
pseudomorphine and its silicotungstate is allowed to stand until 
the supernatant fluid is quite clear, and then handled as previously 
described. If the quantity of precipitate is very small, instead of 
filtering on a Gooch mat it is better to use a circle of hardened 
filter paper, wash as usual with 30 per cent alcohol, then redissolve 
in a little alkali, add a drop of silicotungstic acid solution, and 
precipitate the pure silicotungstate with hydrochloric acid. This 
more bulky precipitate is easily filtered in a Gooch crucible, dried, 
and weighed. 

The filtrate from the pseudomorphine contains some peptones, 
as well as the morphine. It is handled by extraction with chloro- 
form or amyl alcohol, precisely as described for the separation of 
morphine and its oxidation products. 

Table VII shows the results obtained by this method from a 
series of consecutive experiments. 

The results are, in general, gratifyingly low. There seems to be 
little chance of impurities leading to high results. In the case of 
pseudomorphine, the greatest single error apparently lies in 
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incomplete extraction from the benzyl alcohol. With morphine, 
however, there is danger of loss by oxidation while carrying out the 
method. It is not wise to prolong the analysis unduly, nor to 
allow alkaline solutions to stand in the air longer than necessary, 
as they are more easily oxidized than when acid. The presence 
of ammonium salts is to be avoided because of the difficulty in 
maintaining a constant alkalinity during extraction of the mor- 
phine. As a method for morphine alone, the procedure is not 
bad, and is rather more rapid than those ordinarily in use. 


The author wishes to thank Dr. L. A. Ryan of this faculty for 
several helpful suggestions, particularly regarding this phase of 
the work. 

TABLE VII. 
Recovery of Morphine and Pseudomorphine from Ground Meat, 








| Pseudomorphine. Morphine. 
a Meat. $$. $$ | 
NO, 
| Taken. | Recovered. | Taken, | Recovered. 
gm. mg. | mg. | mg. mg. 
1 12 17.3 | * | 26 (| 2.0 
2 14 aa ss | ws | * 
3 24 | 16.9 | 156 | 105 | 7.9 
4 21 | 16.6 15.1 93 | 6.6 
5 | 25 72 | 51 | 17 | 19 
6 | 26 14 | 14 | 2.5 | 1.2 








* Not estimated. 


SUMMARY. 


Pseudomorphine may be quantitatively determined in several 
forms, which make possible a method for the chemical separation 
and analysis of a morphine solution which is undergoing oxidation. 
The reaction may be abruptly terminated and the composition 
of such a system determined at any given time with respect to 
residual morphine, pseudomorphine, and the other morphine- 
derived substances precipitable by silicotungstic acid, taken to- 
gether as a class. If desired, five variables can thus be evaluated 
in the system, when the initial concentration of morphine and the 
quantity of oxidant used are also known. 

A modification of the method enables the estimation of morphine 
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and pseudomorphine in amounts as small as 2 mg. in 20 to 30 gm, 
of biological material like ground meat, with an error of about 
30 per cent. In the analysis of tissues for morphine alone, the 
method is also useful, because rapid. 
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THE PURIFICATION OF PEPSIN, ITS PROPERTIES, AND 
PHYSICAL CHARACTERS. 


By J. C. FORBES. 


(From the Department of Biochemistry, McGill University, Montreal, Canada.) 
(Received for publication, October 8, 1926.) 


Since 1836, when Theodor Schwann signalized the presence in gastric 
juice of the proteolytic ferment which he was the first to designate as pep- 
sin, a large number of attempts have been made to isolate it in a pure form 
to determine its chemical nature and its ultimate physiological properties. 
In a large majority of these, and, especially, all those made before 1895, 
except that of Briicke (1), who was the first to use adsorption, the methods 
used would not now be regarded as adequate for the purpose, and the results 
they gave are, accordingly, now only of historic interest in relation to the 
subject. In consequence a detailed reference to them will be omitted here 
and only such citations of the later publications to which we owe what at 
present we know about pepsin will be made in this contribution on the 
subject.? 

Pekelharing (2), by dialyzing, at low temperature, against distilled 
water, gastric juice from a dog with a Pavlov fistula, till the concentration 
of hydrochloric acid in the juice was decreased to about 0.02 per cent, pre- 
cipitated the pepsin therein as a finely divided suspension. This suspen- 
sion he separated by centrifuging and, after washing the sediment with 
distilled water, dried it in a desiccator. From the clear fluid left after 
centrifuging he precipitated, by half saturation with ammonium sulfate, 
more pepsin which was then freed from this salt by dialysis and, after the 
addition of hydrochloric acid to the extent of 0.2 per cent, was subjected 
to dialysis against distilled water, thus furnishing an additional quantity 
of pure pepsin. The average composition of the pepsin so prepared was 
C 51.99, H 7.07, N 14.44, S 1.63, Cl 0.49, P 0.01 per cent. 

The phosphorus found in pepsin Pekelharing regarded as due to traces of 
an impurity resulting from the digestion of a phosphorus-containing pro- 
tein. The chlorine, on the other hand, he found to be constant, even in 
preparations obtained by dialysis with oxalic acid. 

He obtained a coagulated product of an acid character on heating either 
gastric juice or purified pepsin in acid solution, to which he gave the name 





1 An extended account of the literature of the subject is given in Oppen- 
heimer, K., Die Fermente und ihre Wirkungen, Leipsic, 5th edition, 1925. 
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peptic acid. It was soluble in alkaline solutions but insoluble in dilute 
acids. It was soluble in water and in hot alcohol. It gave the biuret, 
Millon’s, and Adamkiewicz’s reactions but, when in solution, did not give 
off its sulfur on heating with alkali. Its chemical composition was C 50.79, 
H 7.02, N 14.44, S 1.08 per cent. 

Nencki and Sieber (3), by dialyzing at a low temperature fresh gastric 
juice from a gastric fistula made by Pavlov’s method, obtained a precipitate 
which contained chlorine, iron, and phosphorus, and which on heating with 
hydrochloric acid yielded a nucleoprotein and an albumose. The nucleo- 
protein on hydrolysis with sulfuric acid yielded purine bases and pentoses, 
On washing the precipitate with alcohol, the chlorine was decreased and a 
lecithin-like substance was extracted. It was found that the content of 
iron and phosphorus was inconstant, but, nevertheless, they believed they 
had isolated pepsin in a state of purity, that the inconstancy of its composi- 
tion was due to its labile character, and that its molecule consists of a 
nucleoprotein, lecithin, phosphoric acid, chlorine, and iron. The ulti- 
mate analysis of their pure product gave the following values: C 51.26, 
H 6.74, N 14.33, S 1.20, Cl 0.476, P 0.104 per cent. 

The ultimate composition of pepsin, as determined by Pekelharing and 
Nencki and Sieber on their preparations of it, would appear to indicate that 
itis a protein. Ringer (4), however, holds that in the purest preparation of 
pepsin which he made by dialysis there was a mixture of protein and the 
enzyme proper as he found that in the electric field the former migrated to 
the cathode while the pure product, which was very actively digestive, passed 
always to the anode and had no isoelectric point. He did not prepare any 
of this product for analysis, and its composition was, therefore, undeter- 
mined, but he found his purest preparations free from chlorine and iron. 
Hammarsten (5), by the use of methods which gave him preparations of 
pepsin as active as those obtained by Pekelharing, but of which he made no 
elementary analyses, generalized from his observations on these that pure 
pepsin is always an enzyme-protein compound. Davis and Merker (6), 
by salting out aqueous solutions of commercial pepsin, filtering, and dialyz- 
ing, obtained very active preparations of pepsin (1:40,000 as compared with 
1:3000 u.s.p. standard) which contained 2.01 per cent mineral matter, no 
chlorine, 0.47 per cent P.O;, 1.01 per cent CaO, and 1.5 per cent S. The 
nitrogen content was 13.77 per cent and that in a-amino acid form was only 
0.61 per cent. Of the protein reactions the Molisch was marked and this, 
with the other characters manifested by the product, led Davis and Merker 
to regard pepsin as a glycoprotein. 

Effront (7), by using paper pulp made from certain types of Dreverhoff’s 
filters (No. 311) as an adsorbent, obtained very active preparations of pep- 
sin which contained only 0.4 per cent nitrogen and with an inorganic (ash) 
content of 1.6 per cent. He reported no analyses of the product. 


From this all too brief review of the literature of the subject 
it will appear that the chemical and other characters of pepsin 
are as yet not definitely determined and that further research is 
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necessary in order to establish what pepsin is. It was with the 
hope of adding somewhat to our knowledge of its chemical con- 
stitution and physical properties that the author undertook an 
investigation on it, and he now presents for record the results 


which he has obtained. 
Methods of Investigation and the Results. 


The investigation was directed to deal with the following: 

1. Method of standardization of the digestive power of pepsin. 

2. The purification of pepsin involving: (a) The determina- 
tion of a suitable adsorbent; (b) adsorption with aluminium hy- 
droxide and subsequent liberation and precipitation; (c) pre- 
cipitation with safranine and removal of the safranine with iso- 
amyl alcohol. 

3. Chemical analyses of the various preparations. 

4. (a) Hydrolysis of purified pepsin and determination of the 
various amino acids and purine bases resulting as well as the 
nitrogen distribution therein; (6) color reactions given by the 
various preparations. 

5. Determination of the isoelectric point. 

6. Influence of pepsin on the conductivity and hydrogen ion 
concentration of acid solutions of the same. 

7. Effect of extraction with ether on the activity of pepsin. 

8. Effect of alcohol-ether mixtures on solutions of pepsin at 
various hydrogen ion concentrations. 


1. Method Employed in Standardizing Peptic Activity. 


The method used in determining the peptic activity of the 
various preparations is that commonly known as the Mett tube 
method. A series of glass tubes, from 1 to 2 mm. in diameter, 
was filled with fresh white of egg and the albumen coagulated at 
about 90°C. The tubes were cut as required into fragments 
10 to 15 mm. in length, and two of these placed in the enzyme 
liquid to be examined. The preparations were then placed in 
an incubator at about 37°C. for 24 hours, after which the tubes 
were removed and the length of albumen dissolved at both ends 


The temperature of the incubator varied 


carefully measured. 
However, 


considerably from one determination to another. 
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since each complete series was carried on simultaneously, all the 
results of such a series can be compared, but on account of the 
fluctuations of the temperature from time to time, the results of 
different series are not necessarily comparable. 

Schutz (8) and Borissow (9) investigated this method and they 
found that within certain limits the rate of digestion, or the lengths 
of the column of albumen dissolved in the same time interval, 
is proportional to the square root of the quantity of enzyme. 
In other words, if M and M' are the lengths of albumen dissolved 
in the same time interval, the ratio of their concentrations is 


M'\2 
3: (Fr): 


(a) Preliminary experiments were carried out on the adsorp- 
tion of pepsin by various organic and inorganic adsorbents in 
the hope that one would prove satisfactory. The various ad- 
sorbents used were animal charcoal, kaolin, Lloyd’s reagent, 
cholesterol, camphor, salicylic acid, acetanilide, aluminium oxide, 
and freshly precipitated aluminium hydroxide. The results 
obtained from these determinations showed that cholesterol, 
camphor, salicylic acid, acetanilide, and aluminium oxide adsorb 
only traces of the active principle; kaolin and animal charcoal 
adsorb it partially from both neutral and acid solutions; Lloyd’s 
reagent adsorbs it slightly from neutral solutions but very mark- 
edly from acid solutions. The pepsin adsorbed by Lloyd’s reagent 
could be liberated only with great difficulty, consequently this 
reagent was not applicable for the preparation of the enzyme 
in a pure form. Freshly precipitated aluminium hydroxide, on 
the other hand, was found to be not only a very efficient adsor- 
bent but the adsorbed pepsin could be readily liberated by dis- 
solving the aluminium hydroxide in dilute hydrochloric acid. 
This adsorbent was therefore used in one of the methods of puri- 
fication employed. The results obtained with it are given below. 


2. Purification of Material. 


Adsorption with Freshly Precipitated Aluminium Hydroxide. 


Experiment 1.—2 gm. of aluminium chloride were dissolved in 
100 ce. of distilled water and the aluminium precipitated, in the 
cold, with concentrated ammonium hydroxide. The precipitated 
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aluminium hydroxide was centrifuged off and washed several 
times with distilled water. It was then added to a solution of 
pepsin in distilled water (10 gm. of pepsin in 150 cc. of water). 
The solution was first distinctly acid to litmus, but on standing 
for a few hours in contact with the aluminium hydroxide the 
hydrogen ion concentration of the solution decreased to pH 
45 +0.3. The precipitate was then centrifuged off and the 
activity of the supernatant liquid compared with that of the 
original solution. 1 ec. of each solution was diluted with 7.5 ce. 
of 0.2 per cent hydrochloric acid. The digestive power of these 
diluted solutions was then determined with Mett tubes. 


Digestion. Ratio of 
mm. concentrations. 
NT PIII ko sicnncceccedanseewen 9.0 100 
2.5 7.8 


IE SII 560 oss case veanenesenes 2 
pe ee te renee 92.2 per cent. 

Experiment 2.—1 gm. of aluminium chloride was dissolved in 
75 ec. of water. The aluminium was precipitated with ammo- 
nium hydroxide and washed as described in Experiment 1. The 
aluminium hydroxide was then added to a solution of pepsin in 
water (10 gm. of pepsin in 150 ec. of water) and allowed to stand, 
with occasional shaking, for several hours. The aluminium hy- 
droxide was then centrifuged off and the activity of the super- 
natant liquid compared with that of the original solution. 


Digestion. Ratio of 

mm. concentrations. 
I I og ass dane ken teessueuen 8.0 100 
INE CIID sis 5a sik senecdnvassceens 4.0 25 


ree 75 per cent. 


Experiment 3.—5 gm. of pepsin were dissolved in 75 ce. of 
n/10 HCl and about 5 gm. of freshly prepared and washed alumin- 
ium hydroxide added. The acidity of the solution fell in a 
couple of hours to pH 4.5 +0.3 on account of the basic action 
of the aluminium hydroxide. After centrifuging off the alumin- 
ium hydroxide, the digestive action of the supernatant liquid 
was compared with that of the original solution. 


Digestion. Ratio of 
mm. concentrations. 
NE IR ons oo vivid ce dacnsnseecneenee 10 100 
1.25 1.50 


IIE GIN 00s 05x56 denn canenwei 


I iis so cicd sve cedsescsenns 98.5 per cent. 
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(b) Preparation by Adsorption with Aluminium Hydroxide— 
Artificial gastric juice was prepared in the usual manner by digest- 
ing finely minced stomach mucosa of pigs, for several days, in 
0.4 per cent hydrochloric acid and then filtering through a thick 
layer of paper pulp. The filtrate though yellow was perfectly 
clear. About 20 gm. of freshly precipitated and washed alumin- 
ium hydroxide were then added per 4 liters of solution. After 
a few hours, with occasional shaking, the supernatant liquid was 
decanted and the aluminium hydroxide separated by centrifuging. 
It was then placed in collodion dialyzing tubes and dissolved by 
dialyzing against 0.5 per cent hydrochloric acid for several days. 
A fairly large residue of organic material remained undissolved 
and was filtered off. The filtrate was dialyzed against tapwater 
until a small precipitate formed.? This precipitate was centri- 
fuged off and the dialysis continued against tap water until a 
fairly large precipitate separated out. This precipitation reached 
a maximum at about pH 3.5. The digestive power of the pre- 
cipitates was determined in various samples prepared and com- 
pared with that of standard pepsin 1:3000 vu.s.p. The first 
precipitate never exhibited more than a very slight digestive ac- 
tion, but the second showed activities varying from 1:40,000 
to 1:42,000 vu.s.p. On several occasions this precipitate was 
snow-white but it had generally a slightly yellow color. This 
preparation was analyzed and will be referred to as Preparation I. 

Pepsin prepared in the manner described above was further 
purified as follows: It was dissolved in 0.2 per cent hydrochloric 
acid and dialyzed against a large volume of distilled water. A 
small portion of the active principle was thus precipitated, but 
the main portion remained in solution. After centrifuging off the 
precipitate, the remainder of the active principle was precipitated 
by adding a small quantity of a neutral lead acetate solution. 
The precipitate was centrifuged off after a few hours and dissolved 
in a small volume of a saturated oxalic acid solution. The lead 
oxalate precipitate which resulted was filtered off and the filtrate 
dialyzed against distilled water. The dialyzing solution was 


2 Tap water was used for the dialysis as it was found to give better results 
than distilled water. Although the solution became very opalescent when 
distilled water was used as the dialyzing medium only a very small amount 
of the active principle could be removed by centrifuging. 
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changed several times and the dialysis continued until no traces 
of oxalates could be detected in the pepsin solution. A small 
precipitate generally formed during the dialysis; this was trans- 
ferred with the solution to a large watch-glass, evaporated at 
room temperature, and finally dried in a desiccator over sulfuric 
acid. Preparations made in this manner varied from 1:39,000 to 
1:45,000 u.s.p. This preparation will be referred to as Prepara- 
tion II. 

Although this method of purification decreased the percentage 
of ash and gave a very active product, it cannot however be con- 
sidered as wholly satisfactory. There was always a great loss of 
the active principle during the dialysis. In some cases this loss 
reached to about 75 per cent of the original material. In the final 
stages of the dialysis, when the hydrogen ion concentration of 
the solution was low, the dialyzing liquid generally became 
opalescent although it manifested only very slight digestive 
action. It is possible that the enzyme, even at the hydrogen ion 
concentration of distilled water, may be broken down into frac- 
tions which would pass through collodion membranes. The 
removal of the fractions by dialysis would enable the decomposi- 
tion to proceed to a great degree, and this would explain the great 
loss in material during the treatment, but with no corresponding 
increase in the digestive power of the preparation. Losses of 
like magnitude were obtained by simply dissolving the pepsin 
in 0.2 per cent hydrochloric acid, dialyzing against distilled water 
for several days, and evaporating the solution to dryness at room 
temperature. 

(c) Precipitation with Safranine—Marston (10), in 1923, 
showed that all the proteolytic enzymes were quantitatively 
precipitated from water solutions by safranine and induline, 
water-soluble dyes. He made quantitative determinations on the 
proteolytic activity of his trypsin dye preparation, but he does 
not appear to have determined the activity of his pepsin prepara- 
tions. He made, it would seem, no serious attempt at separating 
the dye from the enzyme. In view of these results of Marston, 
it was decided to find out if this method could be employed in the 
purification of pepsin. 

20 gm. of commercial pepsin were dissolved in about 350 ce. of 
distilled water and about 50 ec. of a 1 per cent solution of safra- 
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nine added. The pepsin was thus quantitatively precipitated, 
This precipitate was centrifuged off and washed several times with 

water by centrifuging. Its proteolytic activity was determined 
after drying and found to be 1:46,000 v.s.p. 

Although this material gave very strong digestive action it was 
very insoluble in acid. In some cases it required almost 24 
hours to dissolve 4 mg. in 10 ce. of 0.2 per cent hydrochloric acid. 
In the subsequent experiments the freshly precipitated pepsin- 
dye preparation was washed several times, by centrifuging, with 
approximately 0.1 per cent dye solution and finally with distilled 
water. The residue was then transferred, without drying, to a 
beaker and dissolved in a very weak oxalic acid solution in 20 
per cent alcohol. 

The dye can be almost completely removed from these solutions 
by repeated extractions with butyl or isoamyl alcohol. Butyl 
alcohol, however, is not satisfactory because in concentrated 
enzyme solutions an insoluble precipitate separates out which 
probably is altered pepsin. Isoamyl alcohol containing about 
10 per cent ether gave quite satisfactory results. When the dye 
extraction was complete, the isoamyl alcohol which had dis- 
solved in the pepsin solution was removed by repeated shaking 
with ether containing about 10 per cent ethyl alcohol. The pep- 
sin was then precipitated from the solution by the addition of 
twice its volume of a mixture of equal volumes of ethyl alcohol 
and ether. The optimum pH for precipitation appears to be in 
the neighborhood of 2.5 and corresponds to the determined iso- 
electric point. 

This method of preparation gave quite satisfactory results. 
From 100 gm. of crude commercial pepsin 3 gm. of purified material 
were obtained which gave a digestive action of 1:64,000 U.s.p. 
when compared with 1:3000 commercial pepsin. This corresponds 
to a recovery of about 65 per cent of the active principle present 
in the original material. This preparation will be referred to as 
Preparation III. 


3. Chemical Analysis. 


Preparation I.—(Aluminium hydroxide method.) 
Ash.—0.2031 gm. of pepsin gave 0.0067 gm. of ash; therefore ash = 3.3 
per cent. 
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Nilrogen Determination by Kjeldahl Method. 











Determination No. | Weight of sample. Weight of N. N 
gm, gm, | per cent 
1 | 0.0898 0.0114 12.70 
2 0.1028 0.0126 12.26 
3 } 0.0830 0.0105 12.64 
4 0.1008 0.0126 12.50 
SESE ee ee ERE PT ee ET Se 12.52 


Percentage when calculated on an ash-free basis... .| 





Carbon and Hydrogen by Combustion. 


12.94 














Determina- Weight of Weight of Weight of | H Cc 
tion No. sample. H:0. COs. 
gm, gm, gm. per cent | per cent 
1 0.1222 0.0748 0.2040 | 6.80 | 45.53 
2 0.1351 0.0841 0.2285 | 6.92 | 46.13 
OR Te ee ee Ton 6.86 | 45.83 
Percentage when calculated on an ash-free basis. 7.09 | 47.39 





The analysis of Preparation I may be briefly summarized 
47.39; H 7.09; N 12.94. 


as follows: C 


Preparation I7.—(Aluminium hydroxide and lead acetate method.) 
Ash.—0.0889 gm. of pepsin gave 0.0004 gm. of ash; therefore ash = 0.45 


per cent. 


Nitrogen Determination by Kjeldahl Method. 




















Determination No. Weight of sample. | Weight of N. N 
_ | . gm. | om gm. | per cent es 
1 0.0815 0.0111 13.62 
2 | 0.0920 | 0.0124 | 13.48 
3 | 0.1027 | 0.0138 13.44 
4 0.0986 | 0.0131 | 13.29 
| 13. 46 
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Carbon and H — by Combustion. 





Weight of Ww “ of 





























Determina- Weight of | 
a sample. | COs, ‘ H Cc 
gm. gm. : gm. per cent per cent 
1 | 0.1433 | 0.0852 | 0.2555 | 6.61 48.63 
2 | 0.1286 | 0.0808 | 0.2297 | 6.98 48.72 
3 | 0.1302 | 0.0815 | Lost. | 6.95 
en a one ea anak a eke cae caei | 6.84 | 48.67 
Sulfur Precipitated as Barium Sulfate. 
Determination No. | Weight of sample. | Weight of BaSO,. | Ss 
7 gm. | gm. | per cent 
1 0.1194 0.0092 1.06 
2 0.2172 0.0168 1.06 
3 0.2085 0.0152 | 1.00 
SOE ALCO Ie POTEET TET NY PIT | 1.04 





Phosphorus Precipitated as Magnesium Ammonium Phosphate. 





| Weight of 


Weight of ‘| 

















Determinati Test >. > 
a ae men | Weight of sample. | Mg:P:0:. pf I 
gm. | gm, gm, -— per cent 
1 0.2172 0.0031 0.0022 0.29 
2 0.2085 0.0028 0.0019 0.25 
Blank. 0.0011 
" 0.0007 
Oe Eee TO EET TTT Ee ET 0.27 








The analysis of Preparation II may be briefly summarized as follows: 











per cent per cent 
Pi cincticesietaeeceess 0.45 RES ROR RE eg ree 13.46 
ios 48.67 _SEEREECRE Tena eet een eeenrony RT 1.04 
H.. 6.84 ps arte were en ae 0.27 
Preparation III.—(Safranine precipitation method.) 
Ash. 
Determination No. Weight of sample. Weight of ash. Ash. 
. gm, per om 7 
1 0.1402 | 0.0017 1.21 
2 } 0.1542 0.0018 1.16 
EAE EOE ee PER ee PE eR Pe 1.19 
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Iron.—The ash was dissolved in a small volume of concentrated hydro- 
chloric acid, the iron precipitated by ammonia, filtered, ignited, and 
weighed as Fe2Qs. 








Sample 1. Sample 2. 
gm, } gm. 
RE I cn. cca wea shana cansencteeees | 0.1402 | 0.1542 
—_ ee ME edans civvectstadadbeereaceted 0.0017 | 0.0018 
a CER nt EMRE ee eee | 0.0009 0:0009 





Average per cent of iron in total sample, 0.43 


Nitrogen by Kjeldahl Method. 





Weight of sample. Weight of N. 









































Determination No. | | N 
— | 
gm. gm, per cent 
1 0.1487 0.01706 11.47 
2 0.0870 | 0.01008 11.59 
3 0.0918 0.01017 | 11.08 
RINE al teen a ah ene as a RGR Aa aR kaS ele | 11.37 
Percentage calculated on an ash-free basis......... 11.50 
Carbon and Hydrogen by Combustion. 
Determina- | pn a | Weight of H:O. | Weight of COs. H | Cc 
_— : 
gm, gm. gm, per cent per cent 
1 | 0.1007 | 0.0555 | 0.1647 6.12 | 44.60 
2 0.1090 | 0.0600 | 0.1790 6.12 | 44.79 
EE Se RET EE a a TE EP RE TE 6.12 44.70 
Percentage calculated on an ash-free basis... .. 6.19 45.24 
Sulfur Precipitated as Barium Sulfate. 
Determination No. Weight of sample. | Weight of BaSO.. | 8 
_ - as gm, ae gm. per cent 
1 0.0960 0.0128 1.82 
2 0.1260 0.0158 1.72 
ich kc bias ap oon kare eee MEMOS Mince ed 1.77 
Percentage calculated on an ash-free basis.......... 1.79 
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The analysis of Preparation III, calculated on an ash-free basis, may be 
briefly summarized as follows :3 


per cent per cent 
Rh caduceus corti 45.24 ek tae orci eo 11.50 
ie area ne eam es 6.19 i siwwteda sidan cwewasasnate 1.79 


4. (a) Hydrolysis of Purified Pepsin and Determination of Various 
Amino Acids and Purine Bases Resulting as Well as 
Nitrogen Distribution Therein. 


The Andersen and Roed-Miiller (11) modification of Van 
Slyke’s (12) method for determining the nitrogen distribution 

















TABLE I. 
Group. | Weight of N. a 
mg. 
hatin cred idveniwikbannacanéxedauudl | 505.0 | 100 
oh, ES ee oe eee ee 30.24 | 5.99 
i DR ene a ae en ae | 46.06 | 9.12 
Ce ea ee ae ne ee 14.71 2.91 
dria so dbshonadadaiaanewes | 17.76 3 52 
PN ico Gare ola d. tc rela usw coer wie corel wees 5.02 | 1.00 
| nee } 18.13 | 3.59 
I cea ire Ot io ee cee 28.49 | 5.64 
Amino N of monoamino acids minus dicarboxylic} 
aes rn aioe SS ook | 317.53 | 62.88 
Total | 94.65 





in proteins was followed for these determinations. This method 
is given in detail by Plimmer (13) and consequently need not be 
given here. The results obtained from these determinations are 
briefly recorded in Table I. 


Hydrolysis and Isolation of Resulting Amino Acids.—6.5 gm. 
of pepsin Preparation II were hydrolyzed with sulfuric acid and the 


* This preparation was slightly colored from traces of the dye. Analyses 
of the safranine used were carried out by the Kjeldahl method, but the 
nitrogen obtained was only about one-half of the theoretical value. In all 
probability the nitrogen of the amino groups was alone converted in the 
digestion. Consequently the nitrogen value obtained for the pepsin may 
be slightly low. However, it should be noted that in the analysis of the 
pepsin the carbon remains low; if much safranine was present it would 
undoubtedly be high, because safranine contains about 73 per cent carbon. 
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hydrolysate divided into various fractions by Dakin’s (14) butyl 
alcohol method. A number of amino acids was isolated from 
these various fractions and identified microscopically. The 
usual method of separation and identification of the diamino and 
dicarboxylic acid was employed. On account of the small 
amount of material available it was not found possible to separate 
definitely the various monoamino-monocarboxylic acids; tyrosine 
alone was isolated. It was present in fairly large amounts. The 
various amino acids isolated were: tyrosine, proline, glutamic 
acid, aspartic acid, histidine, lysine, and possible traces of argi- 
nine. 

Determination of Purine Bases.—2 gm. of pepsin were hydro- 
lyzed with dilute sulfuric acid and from the hydrolysate infini- 
tesimal traces of purine bases were isolated by precipitation with 
ammoniacal silver nitrate. The precipitate gave the nitric acid 
test for xanthine or guanine, but the Wheeler-Johnson (15) 
reaction for uracil and cytosine was negative. 


(b) Color Reactions Given by Preparations II and III, 


Pepsin Preparations II and III were examined for the various 
protein color reactions, and positive results were obtained with 
the following tests: Biuret, Millon’s, xanthoproteic, Pauly’s diazo, 
Hopkins-Cole, Molisch, and Elliott and Macallum (16). Prep- 
aration II, but not Preparation III, reacted positively with 
the ninhydrin test. 


5. Isoelectric Point of Pepsin. 


Iscovesco (17), experimenting on the cataphoretic migration 
of pepsin in artificial and natural gastric juice, obtained results 
indicating that pepsin in hydrochloric acid concentrations of 
about 0.4 per cent migrates solely towards the cathode. Michaelis 
and Davidsohn (18) from similar experiments obtained a hy- 
drogen ion value of 5.5 X 10-* for the isoelectric point of 
Griibler’s commercial pepsin. Pekelharing and Ringer (19), 
on the other hand, were not able to demonstrate the presence of 
an isoelectric point when they used pepsin preparations made 
according to Pekelharing’s method. The pepsin migrated to- 
wards the anode at all hydrogen ion concentrations of the pepsin 
solutions. 
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In view of these conflicting results in regard to the isoelectric 
point of pepsin, it was considered of interest to determine the 
isoelectric point of two of the preparations obtained by the author, 
namely Preparations II and III. These two preparations were 
made in different ways and one cf them had a digestive action 
approximately 60 per cent greater than the other. A comparison 
of the digestive powers of these preparations with those obtained 
by previous investigators indicates that our most active prepara- 
tion was purer than any which had been previously obtained. 
This is further supported by a comparison of their chemical 
analysis. 

These two preparations gave practically the same result in 
regard to the isoelectric point of pepsin. They both manifested 
anodic migration at pH 3 and above. Although in no case does 
either show pure cathodic migration, both show a definite pre- 
ponderance in cathodic migration at a pH of about 2. This 
would give pepsin an isoelectric point of about 2.5. This value 
agrees fairly well with the Michaelis and Davidsohn value of 
pH 2.26 for Griibler’s pepsin. 

The apparatus used in these determinations was similar to 
the ordinary cataphoresis apparatus. The pepsin solution was 
placed in the central chamber and the side chambers filled with 
the same solution minus the pepsin, the arrangement of the ap- 
paratus being briefly thus: 
| Ag in 
dilute HCl. 


Pepsin 
solution. 


Cu in 
CuCl, solution. 


Solution. Solution. 











The voltage was 110. 


At the conclusion of an experiment the stop-cocks separating 
the pepsin solution from that of the side chambers were closed, 
and a portion of the solution in the side chambers siphoned off. 
Only the top portion of the solutions was removed, so as to over- 
come the chance of error from diffusion of the pepsin into the side 
chambers during the experiment. This was done by filling a 
small siphon with water with a stop-cock at one end; the other 
end was then placed about half-way to the bottom of the liquid 
in the side chamber. On opening the stop-cock the top portion 
of the liquid was siphoned off. Approximately equal volumes 
were thus removed from the cathode and anode chambers and 
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ectric TABLE II. 
> th Preparation II. Migration of Pepsin under Influence of an Electric 
, = Current. 
thor, 
were Determi- Normality. Digestion. ‘ati Durs- om 
ction No. Before. | After. | Cathode.| Anode. . 
rison | mm, mm, Ars. 
ined 1 | 0.044 | 1.85 | 2.15 }1.0:1.2 | 4 | 
ara- 2 | 0.048 1.70 | 2.0 |1.0:1.2 7 1.36* 
ned, | 
ical 3 | 0.0225 0.0226 | 2.75 | 2.75 | 1.0: 1.0 12 
4 0.0225 | | 3.25 | 3.25 | 1.0: 1.0 10 
5 | 0.0225 | | 2.85 | 3.00 | 10:11 6 | 
t in 6 | 0.0225 | 0.0224 | 1.75 1.50 | 1.2: 1.0 6 | 1.65* 
sted | | 
loes 7 | 0.0136 | 8.0 4.0 |2.0:1.0 12 | 
pre- 8 | 0.0136 4.75 | 2.1 23:1.0 | 6 | 
*his 9 | 0.0136 | 0.0139 | 3.75 | 2.75 | 1.4: 1.0 6 | 1.87* 
| | 
ue 10 | 0.0086 | 1.75 | 1.0 | 1.75: 1.0 | 6 | 
of 11 | 0.0086 | 6.0 | 3.0 | 2.0: 1.0 9 | 
12 | 0.0086 | 0.0090 | 3.25 | 1.75 | 1.8: 1.0 | 6 | 2.07 
to 
ee 13 | pH2.2 45 | 35 |1.8:1.0| 9 
th 14 “2.2! pH2.1/ 2.15 | 1.75 |1.3:1.0 |] 6 2.2 
] | 
up- 15 “92.4| 1.65 | 1.65 10] 9 
16 “ 2.4} 2.0 1.75 | 1.1: 1.0 | 6 
17 “ 2.4) pH 2.4 1.7 1 1.1: 1.0 | 6 2.4 
18 “26 2.15 | 3.15 | 0.68: 1.0 11 
19 “26 1.50 | 1.75 | 0.85: 1.0 6 
20 “26! 1.35 | 1.80 | 0.75: 1.0 7 
ng 21 “ 2.5| pH 2.5) 4.0 4.0 | 1.0: 1.0 12 2.6 
d | | 
; 22 |“ 3.0) 0 160 /0 :16)] 5 
23 | “ 3.0 0 | 2001/0 :20 |] 4 | 
4 24 | “ 3.0 pH 3.0, 0 | 25 |0 :2.5 | 11 3.0 
e | 
4 25 | “46 | 2.5 |0 25 | 4 4.6 
» 26 | | PH 3.6) 0 75 | 0 1.75; 4 3.6 
d 27 0.0225 | 0.25 2.5 | 1.0 :10 24 
7 28 | 0.0225 | 0.0225 | 0.15 | 1.35 | 10:9 12 | 1.36t 
s 
| 
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TABLE I1—Concluded. 











Determi- Normality. Digestion. : 
nation —_= ae ee ae Ratio. —_ pH 
No. Before. After. Cathode.| Anode. : 
Blank experiments for diffusion, no current. 
| mm | mm, | | "we. + 
29 | pH 4.6) /o |0 |o:0 | 6 
30 | “4.6/pH4.6)/ 0 |0 Jo:o0 | 14 | 46 
31 | 0.0225 | 0.0225] 0 | O }0 : 0 | 24 1.65 
| 





* Calculated assuming complete ionization. 
{t Water used in side chambers. 


consequently the digestion given by each is a close approximation 
of their relative activities. An equal volume of 0.2 per cent 
hydrochloric acid was added to the solutions and the peptic 
activity of these diluted solutions determined with Mett tubes, 
and expressed as mm. of albumen digested. Either the nor- 
mality or pH of the pepsin solutions was determined before and 
after each series. The normality was determined by titration 
and the pH colorimetrically. 

Experiment 1. Isoelectric Point of Preparation II.—In Deter- 
minations 1 to 17 (Table II) hydrochloric acid was used in making 
up the different pepsin solutions; in Determinations 18 to 21, 
lactic acid; in Nos. 22 to 24, acetic acid (approximately Nn/10); 
and in Nos. 25 and 26, acetic acid and sodium acetate (approxi- 
mately 1 volume of n/10 acetic acid to 7 volumes of N/10 sodium 
acetate). 

These results show a maximum cathodic migration at approx- 
imately pH 2. This migration diminishes with ascending pH 
until at pH 3 there is no cathodic migration. The isoelectric 
point of this preparation must therefore be in the neighborhood 
of pH 2.5. 

Experiment 2. Isoelectric Point of Preparation III.—This 
experiment was carried out in exactly the same manner as Experi- 
ment 1. In Determinations 1 to 10 hydrochloric acid was used 
in making up the different pepsin solutions; in Nos. 11 and 12, 
dilute lactic acid; in Nos 13 to 17, dilute acetic acid; in Nos. 
18 to 22 approximately N/10 acetic acid and sodium acetate; 
in Nos, 23 and 24, n/10 hydrochloric acid with sodium acetate; 
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TABLE III, 
Preparation III. Migration of Pepsin under the Influence of an 
Electric Current. . 
































. a en — | 
= re | puneuaiey | Saat Dura- - 
No. | Before. After. | Cathode.| Anode. | ; 
: oi 4 mm, i. ee or 
| 0.050} 0.050] 1.75 | 2.0 |0.87:1.0 | 5 | 
2 0.050} 0.050} 1.25 | 2.0 | 0.62: 1.0 5 | 1.30* 
| 
3 0.048 | 0.048 | 2.0 | 2.75 |0.72:1.0 | 4 | 
4 | 0.048 | 0.048 / 1.5 | 1.5 1.0: 1.0 4 1.31* 
| | 
5 | 0.012 | | 2.0 | 25 |0.80:1.0 | 7 
6 | | 0.011 | 2.0 | 3.0 | 0.69: 1.0 8 | 1.96 
7 | pHe 0|pH2.0| 3.5 | 2.0 | 1.75:1.0 | 4 | 
8 | “ 20] “ 21] 45 2.5 | 18:10 | 4 | 
9 | “ 2.0) “ 2.0) 2.5 10 |25:10] 7 | 
1 | “ 20] “ - 2.5 | 1.0 | 25 1.0] 8 | 20 
| | | 
1 | " 2.5 | Trace. | Trace.| Trace | 4 | 
2 | | “ 2.4 “ | “ | rT 4 | 2.4 
| | | 
13t “ss! | 0 | 4.0 0 :40/ 4 | 
14 | “ 2.6] Trace | Trace.| Trace 4 | 
15 | ai 2.7 | ae 2.6} “e “ce | “c | 5 | 
16 | “ 2.7) “ 2.6| 0.5 0.5 /10:10 | 6 | 
7 | “ 2.7) “ 2.6) 0.5 0.5 | 1.0 : 1.0 | 9 | 2.6 
| 
| | 
18 1 «30! «3.0 0 | 26 }0 :26] 4 
19 | “3.0; “30/0 | 1.75 |0 :1.75| 5 
2 | “30) “30/0 | 30 |0 :30) 4 | 30 
| | | | 
21 | “ 3.4) “ 3.3] 0.5 3.0 |1 :60/ 10 | 
22 ioe “ 3.4] 0 1.7 |0 1.7 | 4 | 3.4 
23 | 5.6) 5.6| 0 1.75 |0 :1.75| 4 
24 | 5.6 a 5.6) o |10 |/0 :10] 4 5.6 
25 | “2.0| “ 3.0] 0 | 35 |0 :35 | 4 | 
2 | “2.0/ “3.0}/ 0 | 3.0 lo 73.0 | 5 | 3.0 





*Calculated assuming complete ionization. 

+ This determination must be wrong because further determinations at 
the same pH give different results, so it is not considered. 

The isoelectric point exhibited by Preparation III is practically identical 
with that shown by Preparation II. The pepsin migrated solely towards 
the anode at pH 3 and above, and showed maximum cathodic migration at 


pH 2. 
575 
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and in Nos. 25 and 26, hydrochloric acid. Dilute hydrochloric 
acid was used in the anode electrode for Determinations 1 to 17 
inclusive. This was replaced in Determinations 18 to 26 by a 
0.9 per cent sodium chloride solution which was slightly acidified 
with hydrochloric acid. In Determinations 25 and 26 the acid 
concentration of the anode electrode vessel was not sufficient to 
replace the loss in hydrogen ion sustained, through migration, by 
the central and side chambers. A considerable portion of the 
current was therefore carried by the sodium ions, thus resulting 
in the migration of the sodium ions to the central and side cham- 
bers with a corresponding decrease in the hydrogen ion concen- 
tration of these solutions. The pepsin migration manifested 
under such a condition would be determined by the minimum 
hydrogen ion concentration attained. The experimental results 
show this to be the case (Table III). 


6. (a) Effect of Pepsin on Conductivity of Hydrochloric Acid 
Solutions. 


A 0.4 per cent pepsin solution (Preparation III) in approxi- 
mately 0.2 per cent hydrochloric acid was made up and left at 
room temperature for 4 hours. The conductivity of the solution 
was then compared with that of hydrochloric acid of the same 
concentration. 





Specific conductivity of 











Temperature. | Specific’conductivity of HCl. pepsin solution. 
°C. | = mhos mhos - 
3.2 0.01491 0.01477 
0.01477 0.01477 
0.01477 0.01462 
0.01477 0.01477 
beieiiiice need 0.01480 0.01473 
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The solutions were tightly corked and placed in an incubator 
at 37°C. for 5 hours and the conductivity redetermined: 


| Specific conductivity of 














Temperature. Specific conductivity of HCl. pepsin solution. 
<e. mhos | mhos _ 
3.0 0.01477 0.01456 
0.01477 0.01435 
0.01477 0.01456 
0.01491 0.01435 
Average..............| 0.01480 | 0.01445 





The solutions were tightly corked and placed in an incubator 
at 37°C. for 44 hours: 





Specific conductivity of 








Temperature. Specific conductivity of HCl. pepsin solution. 
 - mhos mhos 
3.0 0.01477 0.01422 
0.01462 0.01384 
0.01491 0.01384 
0.01477 0.01380 
Average.............4] 0.01477 0.01392 








Decrease in specific conductivity, 0.00085 mhos. 


These results show that the conductivity of hydrochloric acid 
is only very slightly influenced by pepsin. However, if the pep- 
sin solution is incubated for some time there is a slight but notice- 
able decrease in conductivity. This decrease in conductivity 
probably arises from one of two causes: firstly, the hydrolysis of 
protein impurities present in the pepsin preparation with the 
consequent liberation of free amino groups, which combine with 
the hydrochloric acid; secondly, the hydrolysis of the pepsin 
molecules themselves with the liberation of free amino groups. 
Unpublished experiments by the author show that when pepsin 
solutions are kept at 37°C. for even as short a time as 24 hours 
there is a noticeable decrease in their proteolytic activity, so it is 
probable that the second explanation is the correct one. 








TABLE IV. 


Purification of Pepsin 























Temperature. E.M.F. of pepsin solution, | E.M.F. of HCl, 
. _ 2 v. mo. _ 
19 309.5 309.7 
309.5 | 309.7 
309.7 309.7 
309.7 309.6 
PS iceinerennnGkiwste 309.6 309.7 
EEE eee 1.038 1.040 
9 ee ee ere 9.16 X 107? 9.12 X 107 








TABLE V. 





Determination after 6 hrs, at room temperature. | 





Temperature. solution. 





Average.... 


E.M.F. of pepsin 


Tem- 


E.M.F, of HCl. | pera- 
| ture. 
mv, 
325.3 | 20 
325.3 
325.4 
325.4 
| 


325.35 





Te se 
Ht......+-4] 4.85 X 107 


1.317 
4.82 X 107 | 


Determination after 15 hrs. at 37°C, 





| 
| 
® | 

E.M.F. of pepsin 
solution. 


E.M.F. of HCl. 


| 
| 








mv. | mp, 
324.5 | 325.3 
| 824.5 | 825.3 
| 324.7 | 325.4 
324.5 | 325.4 
| 324.8 

| 324.6 | 325.35 





| 1.303 | 1.317 


| 4.98 X 107 | 4.82 X 107 





TABLE VI. 





Temperature. 





E.M.F, of HCl, 





| E.M.F, of pepsin solution, 
| 
-|- 
} 
| 
} 








7. mv. mv, 
20 326.5 325.3 
326.5 | 325.4 
326.4 325.3 
326.4 325.4 
Average.............. 326.45 | 325.35 
TSS 1.336 1.317 
Ht. 4.61 X 107 4.82 X 107 





Decrease in H+, 1.9 X 1073 


dr 
tic 
an 
sil 
ti 


— ,. > ee 


an 





XUM 


(Cl. 





J. C. Forbes 579 


(b) Effect of Pepsin on Hydrogen Ion Concentrations of Acid 
Solutions. 


Purified pepsin (Preparation III) was dissolved in dilute hy- 
drochloric acid and the hydrogen ion concentration of this solu- 
tion compared with that of the hydrochloric acid itself. A Leeds 
and Northrup hydrogen ion apparatus, with a saturated potas- 
sium chloride calomel electrode, was used in all these determina- 
tions. 

Experiment 1.—0.0900 gm. of purified pepsin was dissolved in 
15 ec. of acid and put aside at room temperature for about 48 
hours. The results are given in Table IV. 

Experiment 2.—0.2000 gm. of purified pepsin was dissolved in 
50 cc. of approximately 0.2 per cent hydrochloric acid and the 
hydrogen ion concentration of it compared with that of the stock 
hydrochloric acid after 6 hours at room temperature. The re- 
sults are given in Table V. 

Experiment 3.—0.1000 gm. of purified pepsin was dissolved 
in 25 ec. of acid and the solution incubated at 37°C. for 44 hours. 
The experimental results, given in Table VI, show that pepsin 
has no noticeable influence on the hydrogen ion concentration of 
acid solutions. If the solutions, however, are kept at 37°C. for 
some time there is a small but noticeable decrease in the hydrogen 
ion concentration. 


?. Effect of Ether Extraction on Activity of Purified Pepsin. 


Experiment 1.—About 0.1 gm. of pepsin was placed in an ex- 
traction thimble and extracted with ether in a Soxhlet apparatus 
for 24 hours. The activity of the residue was then compared 
with that of the original sample by the Mett tube method. 


Original Extracted 

material. material. 
ne Oh OO, II iiss dc ssc xececaveves 0.0075 gm. 0.0052 gm. 
te cic tic alin Ama Nucnhs ak ae 5.0 mm. 4.0 mm. 
Comparative digestions (calculated)....... 5.0 ” 4.8 ” 


Experiment 2.—This experiment was carried out in exactly the 
same manner as Experiment 1, except that the extraction was 
continued for 5 hours. 
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Original Extracted 

material. material, 
Coe ee er ere 0.0060 gm. 0.0075 gm. 
RSE re Sarre ene Cee e 6.75 mm. 8.0 mm. 
Cc comparative digestion (calculhted)... ro? ” 8.0 “ 


The above results show that extraction with ether does not 
affect the proteolytic activity of pepsin. 

















TABLE VII. 

—_— Solution | Alcohol Ether yy | Digestion | Digestion Digestion 

No. taken. added. added. ~<a | standard. filtrate. “a 
ion, 

ce. ce. ce. ce. mm, mm, - 
1 15 10 5 22 | 5.0 0. 5 0 
: iwi ®@ 6 20 | 5.4 | 1.5 0 
3 10 | 10 5 5 5.0 | 0 0 
4 20 20 10 25 | 5.0 0 0 
5 10 10 5 20 | 5.0 | Trace. 0 
6 10 10 10 20 5.0 | 0 0 





TABLE VIII. 














l | | 
| | vy | m Comparative 
Deter- | Solu- | Alco- = Volume | Diges- Digest- | Digestion digestion. 
min2- tion hol ae =. ook, tion precipice | 
tion No.| taken. | added. | * a noel | ard. | filtrate. tate. Stand-| Fil 
} | ard, trate. 
cc, | ce, ce. ec. |} mm, | mm. mm. mm, mm, 
1 20 10 5 | 32 7.5| 6.2 0 7.5 | 7.5 
2 | 60 | 25 | 20 | 45 | 9.5| 10.0| Trace. | 9.5) 8.6 
3 10 10 5 17 9.5 5.0 | 9.5) 6.5 
4 | 10/ 10/ 10 | 10 | 10.0! 8.0] 8.0 | 10.0] 8.0 





8. Effect of Alcohol and Ether on Pepsin Solutions in Various 
Acid Concentrations. 


During the adsorption experiments with cholesterol it was 
found that if the cholesterol-alcohol-ether solution was added to 
an acid solution of pepsin the enzyme was almost completely 
inactivated. In order to ascertain the cause of this inactivation, 
it was decided to determine the effect of an alcohol-ether mix- 
ture on solutions of pepsin in various acid concentrations. Ex- 
periments were therefore carried out, using hydrochloric and 
phosphoric acid solutions of pepsin. 
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Experiment 1.—Purified pepsin was dissolved in 0.2 per cent 
hydrochloric acid and various amounts of alcohol and ether 
added. If a precipitate formed it was filtered off and the filtrate 
piaced in an evaporating dish and left until the odor of ether had 
disappeared. The activity of the solution was then compared 
with that of the original untreated pepsin solution (standard). 
The portion of the filter paper containing the precipitate was 



































TABLE IX. 
| | g | Comparative 
S ae | cs | ft é . w= FE ; digestion. 
3 & 3s | $2 : F-| s | 
1/2/42 | 3 | Ss | : etal. 
—E | @ sisi] é& 22/138 / 3 ze | a] 3 
ss; & | 2] 2 | 2 | 28 | £8] & gE a | 8 
rPigiaiajaise*ia | a] a ia = 
| cc. | cco | ce. | ce, mm. | mm. | mm | mm. | mm. 
1 | 0685) 10 | 10 | 5 114 | 47] 10] 0 [4.7/1.2 
2 |0.685) 10 | 10 | 5 | 7.5| 46) 15/ 0 | 4.6/1.3 
3 | 0.685 10 | 10 | 10 | 14 | 4.7] 0 0 | 4.7/0 
4 | 0.685) 10 | 10 | 10 | 7.5) 47| 0 | 0 | 47/0 
5 | 0.685) 10 | 15 | 0/16 | 47] 2.7] 25 | 4.7/3.4 
6 | 0.685; 10 | 20 | 0 |}18 | 4.7] 1.0} 1.5 | 4.7/1.3 
7 | 0.342} 10 | 10 | 5/10 | 6.0| 3.5 | Trace. | 6.0 | 3.5 
8 | 0.342) 10 | 10 | 5/11 | 60) 24) “ | 60) 2.5 
9 |0.137) 10 | 10 | 5 | 5 | 60/ 5.0) 22 | 60/35 
10 | 0.137] 10 | 10 5 |12 | 60/ 2.4 | 2.3 | 6.0/2.5 
11 | 0.068} 10 | 10 5 |13.5| 46) 2.7) 3.0 | 4.6/3.1 
12 | 0.068) 10 | 10 5 | 7.5| 4.3) 3.3) 3.0 | 43) 2.8 
13 | 0.068) 10 | 10 | 10 | 14 | 4.7) 27) 25 | 4.7/3.2 
14 | 0.068 10 | 10 | 10 | 8 4.3} 3.3) 2.9 | 4.3] 2.9 
15 | 0.068} 10 1 is | ola7 | 47] 33 | 30 | 4.7) 43 
16 | 0.068) 10 | 20 | 0 | 21 4.7; 2.7! 30 | 4.7} 3.9 





put into 10 ec. of 0.2 per cent hydrochloric acid, Mett tubes 
added, and the digestive power determined in the usual manner. 
The results are given in Table VII. 

Experiment. 2.—Same as above except that the pepsin solutions 
were previously dialyzed against distilled water. pH about 3.5. 
Table VIII shows the results. 

Experiment 3.—Purified pepsin was dissolved in phosphoric 
acid solutions of various concentrations and treated in the same 
manner as in the previous experiments. The results are given 
in Table IX. 
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These results show that the enzyme is readily destroyed at 
moderately high hydrogen ion concentrations by alcohol-ether 
mixture, but that it is not affected in solutions of low hydrogen 
ion concentrations. Mixtures of ether and alcohol also appear 
to exert a greater destructive reaction than alcohol itself. 


DISCUSSION. 


Adsorption of pepsin with aluminium hydroxide, dissolving 
the hydroxide with dilute acid, and precipitating the pepsin by 
dialysis gave quite an active preparation, but further attempts 
at its purification by solution in acid and reprecipitation by dialy- 
sis were unsuccessful, a great amount of the active principle being 
lost during the treatment. The safranine precipitation method, 
on the other hand, gave a very active preparation. This method 
of purification has a great advantage over all previous methods 
employed in the purification of pepsin, for safranine does not 
precipitate much, if any, of the accompanying protein impurities. 
This is evident from the fact that, although the active principle 
is quantitatively precipitated from solutions of commercial 
pepsin, yet the weight of the precipitate is only about 5 per cent 
of the material taken. The usual methods of purification by 
precipitation with protein precipitants such as sodium chloride, 
ammonium sulfate, basic and neutral lead acetate, must yield 
products containing considerable proteins. Even precipitation 
by dialysis, as carried out by Pekelharing and by the writer, 
apparently result in the precipitation of some of the protein im- 
purities as well as the pepsin. This is supported by the fact that 
the preparations obtained during this investigation by adsorption 
with aluminium hydroxide and subsequent dialysis were only 
about 70 per cent as active as those obtained by the safranine 
precipitation method. A comparison of the results of the chemi- 
cal analysis of these various preparations with those obtained 
from typical animal proteins lends additional support to the 
above hypothesis. The greater the degree of purification the 
less the analysis resembles that of typical proteins. 
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Typical animal | Pebsitaging’s | Preparation II. | Preparation III. 
per cent per cent per cent | per cent 
een me Fe 51.97 48.67 45.24 
eee 6.5 - 7.3 7.07 6.84 6.19 
N.. 15.0 -17.6 14.44 13.46 | 11.56 
— eS 0.50- 2.2 1.65 | 1.04 1.79 
e.. 0.42- 0.85 0.01 0.27. | 











The isoelectric point of two pepsin preparations was determined 
and found to be pH 2.5. This agrees fairly well with Michaelis 
and Davidsohn’s value of pH 2.26. These results, as well as the 
fact that safranine, a basic dye, quantitatively precipitates the 
active principle, are strong evidence in favor of the assumption 
that the enzyme possesses very marked acidic characteristics. 
The basic characteristics must consequently be very low. That 
this is probably so is evident from the fact that on the acid side 
of the isoelectric point, where basic characteristics should be 
most evident, there is no noticeable decrease either in the hydro- 
gen ion concentration or in the conductivity of an acid solution 
after addition of purified pepsin. Further evidence also in favor 
of the above assumption is the low percentage of the total nitrogen 
present as hexone base nitrogen; that is, as arginine, histidine, 
and lysine nitrogen. These amino acids must be responsible for 
most of the basic characters of protein. Therefore, since only 
7.44 per cent of the total nitrogen in Preparation II was present 
as hexone base nitrogen, it is evident that its basic characters 
must be correspondingly low. 

The effect of a mixture of equal amounts of alcohol and ether 
on pepsin in solution was found to depend to a great extent on 
the hydrogen ion concentration of the solution, the enzyme being 
inactivated in solutions of high acidity while its activity was un- 
affected in solutions of low hydrogen ion concentration. The 
extraction of solid pepsin with ether, on the other hand, does not 
affect the proteolytic activity of the enzyme. 


SUMMARY. 


1. The adsorption of pepsin by animal charcoal, Lloyd’s re- 
agent, kaolin, salicylic acid, acetanilide, cholesterol, camphor, 
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aluminium oxide, and freshly precipitated aluminium hydroxide, 
was studied and found to vary greatly for the different adsorbents, 

2. Pepsin preparations were obtained by different methods and 
analyzed. The most active preparation was obtained by pre- 
cipitating the pepsin with safranine and removing the safranine 
with isoamyl alcohol. A comparison of the various analyses 
with those from typical proteins shows that the greater the purity 
of the preparation the less its composition resembles that of typi- 
cal proteins. 

3. Purified pepsin was hydrolyzed and a number of amino acids 
isolated from the hydrolytic products with infinitesimal traces of 
purine bases. 

4. The nitrogen distribution of the products of hydrolysis was 
determined according to Andersen and Roed-Miiller’s method. 
In these products monoamino acid nitrogen greatly preponderated. 

5. The isoelectric point of two different preparations was de- 
termined and found to be pH 2.5. 

6. Determinations were carried out on the effect of pepsin 
on the hydrogen ion concentration and conductivity of acid solu- 
tions. The results show that purified pepsin has no immediate 
appreciable effect on either of the properties. However, if the 
solution was incubated for some time a small but definite decrease 
was obtained, both in conductivity and hydrogen ion concentra- 
tion. 

7. Various preparations of pepsin were extracted with ether 
in a Soxhlet apparatus. The activity of the preparation was not 
affected by this treatment. 

8. The effect of adding mixtures of alcohol and ether to solu- 
tions of pepsin of various hydrogen ion concentrations was studied. 
The results showed that the enzyme was rapidly inactivated in 
solutions of moderately high hydrogen ion concentrations by 
alcohol-ether mixtures but that it was unaffected in solutions of 
low hydrogen ion concentrations. 


In conclusion, I wish to express my thanks to the Research 
Council of Canada, who made this investigation possible by the 
grant of several studentships to the author, and to Professor 
A. B. Macallum, under whom this research was carried on, for 
his kind direction and advice. 
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THE EFFECT OF POTASSIUM OXALATE ON ELECTRO- 
LYTES OF BLOOD AND PLASMA. 
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(From the Depariment of Internal Medicine of Yale University and the 
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The common use of potassium oxalate as an anticoagulant and 
the probability that its use would affect the electrolyte distribution 
of blood led to a comparison of oxalated and defibrinated blood 
to find out if the use of this anticoagulant was justifiable in studies 
involving accurate analysis. of electrolyte equilibria in blood. 
While few observers have had definitely as their object sucha 
direct comparison of oxalated and defibrinated blood, a number 
have, in the course of other investigations, studied the two kinds 
of blood with respect to certain properties. The earlier work is 
concerned with the demonstration that the process of defibrination 
does not alter the electrolyte distribution. 


Fredericq in 1878 (1) found this true of bicarbonate distribution. Ham- 
burger in 1893 (2) extended the findings to the chloride and carbonate 
partition, and also determined that total solid and reaction of serum and 
“natural plasma’”’ of both arterial and venous horse blood were identical. 
Christiansen, Douglas, and Haldane (3) claim, on the basis of indirect 
evidence, that the partial pressure of carbon dioxide of blood directly 
from the blood vessel must be distinctly lower than that of the same blood 
after defibrination. Their statement is based on the observation of a pro- 
gressive fall in the carbon dioxide-combining power of defibrinated blood 
when exposed for a period of time (up to 5 hours) to a temperature of 37°C. 
They state that this difference between living and defibrinated blood is 
independent of the different degree of oxygen saturation of the two kinds 
of blood. Zuntz, whom they quote in substantiation of their statement, 
considers that the difference between living venous and defibrinated blood 
is due, at least in part, to the relative deoxygenation of the former. War- 
burg (4) found chloride and bicarbonate distribution in defibrinated and 
in hirudinized (horse) blood identical. The bulk of evidence indicates that 
defibrinated blood may be considered the same as the blood in the blood 
vessel. 
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Previous studies of the effects of potassium oxalate show no agree- 
ment among the investigators. Haggard and Henderson (5) stated that, 
although defibrinated blood has originally a higher carbon dioxide capacity 
than oxalated or untreated biood, exposure of defibrinated blood to low 
carbon dioxide tensions causes an irreversible loss of carbon dioxide 
capacity. Oxalated blood does not exhibit this decrease in power to 
bind carbon dioxide. This verified earlier work of Christiansen, Douglas, 
and Haldane (3). This was disproved by Austin, Cullen, and Peters 
(quoted in Peters ef al. (6)). 

In Joffe and Poulton’s (7) work, the difference of carbon dioxide-com- 
bining power in oxalated and defibrinated blood, whether oxygenated or 
reduced, lies practically within the error of their method. But these 
authors show a distinctly higher carbon dioxide-combining power for ox- 
alated plasma than for defibrinated serum. Their results, although re- 
markabiy consistent, are not decisive because they are derived from a 
statistical comparison of blood specimens analyzed under variable condi- 
tions and on widely separated occasions. Warburg (8) considers the addi- 
tion of oxalate to blood as analogous to the addition of an equivalent 
amount of hypertonic saline solution. The serum of blood to which he 
had added hypertonic sodium chloride solution combined with slightly 
more carbon dioxide than the serum of blood treated with isotonic saline. 


Experimental Procedure. 


In the earlier studies on the effect of potassium oxalate, an 
attempt was made to use heparin (we were unable to secure hiru- 
din) as an anticoagulant for comparison with potassium oxalate. 
We were forced to abandon the use of heparin, because the differ- 
ences in oxalated and heparinized specimens were so marked that 
the reaction of the anticoagulants was suspected. The heparin 
was found to be quite acid and the potassium oxalate quite alkaline 
to phenol red. Recrystallization of potassium oxalate renders 
the salt neutral: less than 2 drops of 0.01 n NaOH are necessary 
to bring 10 cc. of a 1 per cent solution of the recrystallized salt 
to pH 7.35 to 7.4. Unfortunately the heparin could not be 
neutralized, so its use was replaced by defibrination of the blood. 
Since all the direct evidence quoted in the introduction goes to 
prove that electrolyte distribution is not influenced by defibrina- 
tion, we feel justified in assuming that defibrinated blood is the 
same as the blood in the blood vessel provided the necessary pre- 
cautions are observed in handling it. 

Collection of Blood.—All blood was drawn from human subjects, 
patients on the Medical Wards of the New Haven Hospital. There 
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were two general types of experiments, ‘“‘capacity”’ and “‘content”’ 
experiments. In ‘‘capacity’’ experiments, the blood was collected 
without precautions against contact and kept chilled until ready 
for use. It was then saturated with a definite tension (usually 
40 mm.) of carbon dioxide in air. There were two types of 
“eontent”’ experiments. ‘‘Content”’ either means that the defi- 
brinated blood was treated with oxalate directly after saturation 
with known carbon dioxide tension without exposure; or, that the 
blood was drawn from the subject directly into sampling tubes 
over mercury and defibrinated or oxalated without exposure. 
The latter type is a ‘‘true content”’ experiment. 

Three different methods were used for the collection of the blood 


for capacity experiments: 


Method A.—The total sample was withdrawn into an open vessel and 
defibrinated by stirring with a glass rod. Half of the defibrinated blood 
was added to enough solid neutral potassium oxalate to make a 0.2 per 
cent solution of the salt in the whole blood (Table II, Cases 12, 13, and 14). 

Method B.—The blood sample was drawn from the vein through a three- 
way stop-cock, connected directly with the needle, alternately into two 
tubes, one of which contained enough neutral potassium oxalate to make 
an approximately 0.2 per cent solution of the salt in the blood. The stop- 
cock was turned every 8 or 10 seconds during the withdrawal of the blood, 
so as to insure original uniformity of the two samples. The blood in the 
tube containing no salt was defibrinated by stirring with a glass rod 
(Table I, except Case 9). 

Method C.—The blood was withdrawn as in Method B, and then one-half 
of the defibrinated blood was mixed with enough potassium oxalate to 
make a 0.2 per cent solution. There were thus in this case three samples 
for comparison: oxalated blood, defibrinated blood, and defibrinated 
blood containing potassium oxalate (Case 9, Tables I and II). 


For the content experiments blood was treated in two ways. 


Method A.—A large amount of blood (usually 50 to 80 cc.) was de- 
fibrinated and then saturated at 40 mm. of carbon dioxide. Some of the 
saturated blood and serum separated from the blood was analyzed as de- 
fibrinated blood. The rest of the blood, after saturation, was delivered 
directly without air contact into a sampling bulb full of mercury and 
coated with enough potassium oxalate to make a 0.2 per cent solution. 
From a portion of this blood, serum was also separated. Whole blood and 
serum were analyzed as ‘‘defibrinated plus oxalate’ blood. In two of the 
experiments, one-half of the oxalated blood was resaturated and analyzed 
(Table III). 
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Method B.—After the new technique (described in the succeeding article) 
(9) for defibrinating blood out of contact with air had been devised, the 
blood was drawn into a syringe under oil. One-half was delivered directly 
into a sampling bulb and defibrinated with mercury; the other half was 
delivered directly into a sampling bulb containing enough potassium 
oxalate to make a 0.2 per cent solution in the blood (Table III, Case 18). 

Preparation and Use of Potassium Oxalate.—Technical potassium oxalate 
is recrystallized from hot water and washed twice with cold water. The 
recrystallized salt should be kept in Pyrex containers. In the course of 
months, it gradually becomes more alkaline, so it is well to recrystallize 
about every 6 weeks. 

The introduction of the potassium oxalate into the blood is a matter 
of some importance. The desired amount of the neutral salt is made up 
in a fresh concentrated solution and introduced into the container which 
is to receive the blood. The mixture is dried by drawing a current of air 
through the vessel; frequent rotation of the vessel during the drying in- 
sures a uniform, thin coating of oxalate. When the blood is introduced it 
comes into contact with only a little oxalate at a time, which is immediately 
dissolved. This method obviates the danger of hemolysis which results 
when too great a concentration of oxalate comes into contact with only 
a small amount of blood, insures uniform rapid equilibrium conditions, 
and prevents the formation of any small clots. 


Analytical Procedure. 


Cell volume was determined by using a Daland hematocrit fitted to a 
No. 1 International Equipment Company, centrifuge. Duplicate deter- 
minations were carried out on each blood sample and always agreed within 
1 volume per cent. 

Oxygen capacity was determined in the Van Slyke constant pressure 
pipette by a method devised by Lundsgaard and Neill.!. Sometimes the 
blood cells from which the serum or plasma had been removed were used 
for oxygen capacity determinations as described in a previous communi- 
cation (10). 

Carbon dioxide was determined by the Van Slyke and Stadie method (11) 
in a calibrated constant pressure Van Slyke pipette. 

Saturation of the blood with carbon dioxide was effected by the second 
saturation method described by Austin et al. (12). 

Chlorides.—Until October 1, 1923, the chlorides were determined by the 
Austin and Van Slyke method (13) with the modification described by us 
elsewhere (10). Later determinations were done by the Van Slyke 
method (14). 

Proteins.—Serum or plasma proteins were determined by macro-Kjel- 
dahl procedure using ? to ? cc. samples. 





2 Personal communication. 
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Experimental Results. 


Capacity Experiments.—The results of the simplest experiments 
on comparison of oxalated and defibrinated blood are to be found 
in Table I. The blood was collected as described under Method 
B of the capacity methods. Oxygen capacity was done on both 
defibrinated and oxalated blood as an assurance that the blood 
samples had been well mixed, but no differences between the two 
greater than the error of the method were ever observed. Whole 
blood chlorides were determined on either specimen. The rest 
of the blood was saturated with 40 mm. of carbon dioxide in air. 
In two cases the samples were saturated at both 30 and 60 mm. of 
carbon dioxide, in order to give carbon dioxide absorption curves. 
Defibrinated and oxalated saturated whole bloods were analyzed 
for cell volume and carbon dioxide content. ‘True serum’’ and 
“true plasma’”’ were analyzed for carbon dioxide content, sodium 
chloride content, and in some cases for protein concentration. 
Cell carbon dioxide and sodium chloride were calculated from 
whole blood and plasma or serum values, and cell volume. 

There is no absolute consistency in the results. The greatest 
consistency is to be found in the cell volume changes. In all but 
one case (probably an error), oxalate caused contraction of the 
cells. 

The carbon dioxide of whole blood and of plasma is very little 
changed in average experiments. Individual samples show con- 
siderable variations in both directions. The cell bicarbonate 
differences are, of course, greater than those of whole blood or 
serum; for, if the latter values change only slightly and the cell 
volume varies considerably, the cells must sustain great changes. 

Average values for plasma and serum sodium chloride show little 
change, but individual samples show the same relatively large 
variations as do the bicarbonate values. 

In Table II are given the data which were obtained from the 
comparison of defibrinated blood and defibrinated blood to which 
oxalate had been added. The cell volume shows an even greater 
tendency to lowering as a result of the addition of oxalate than in 
the experiments where oxalation was not complicated by defibrina- 
tion. The electrolyte changes are, in general, the same as those 
demonstrated in Table I. 
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It should be emphasized that the bicarbonate and chloride 
differences observed here, though slight, represent real changes. 
While the chloride method is less delicate than the carbon dioxide 
method, it is accurate to within 0.1 gm. of sodium chloride per 
liter. Duplicate carbon dioxide analyses, even if the duplicates 
are separately saturated, regularly agree within 0.2 volume per 
cent of carbon dioxide. 

Plasma and serum proteins cannot be directly compared, be- 
cause fibrin has been removed from the serum. In the only case 
where both plasma and serum proteins were determined the 
plasma value is higher than the serum value, probably because 
the dilution of the plasma by water derived from contraction of 
the cells more than compensated for the removal of the fibrin. 

Content Experiments.—The results of the content experiments 
are given in Table III. The blood in Cases 15, 16, and 17 was 
treated as described under content collection Method A; that 
of Case 18 was collected as described under content Method B. 

Considering Cases 15, 16, and 17, the cell volume shows the 
customary shrinkage on the addition of oxalate. The whole 
blood carbon dioxide content is the same in defibrinated and 
defibrinated plus oxalated blood. In one case (No. 16) serum 
carbon dioxide remains unaltered; in Cases 15 and 17 it drops in 
the oxalated specimen. There are two resaturation experiments, 
Cases 16 and 17. Although the defibrinated plus oxalated blood 
is resaturated at the tension used in the original saturation of the 
defibrinated blood, greater differences from both the defibrinated 
and defibrinated plus oxalated blood are observed in the re- 
saturated sample. Even the whole blood carbon dioxide changes 
in Case 16. It is evident, therefore, that the addition of oxalate 
to blood as drawn (that is, at constant carbon dioxide content) 
alters the carbon dioxide tension, while oxalate added to blood at 
constant carbon dioxide tension, alters the carbon dioxide content. 

The true content experiment (Case 18) shows about the same 
differences as do the others. A difference in the oxygen capacity 
was observed here. However, when the cells of the oxalated 
specimen were diluted, a viscous dark mixture resulted. Some 
of the hemoglobin may have been destroyed and it was difficult 
to measure the specimen for analysis. These considerations are 
probably responsible for the low oxygen capacity of the oxalated 
sample. 
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Comparison of Addition of Osmotically Equivalent Amounts of 
Sodium Chloride and Potassium Oxalate to Defibrinated Blood.— 
Enough oxalate was added to defibrinated blood (Case 14, Table 
II) to make a 0.2 per cent solution. Enough sodium chloride 
was added to some of the same defibrinated blood to make a 
solution of sodium chloride in blood osmotically equivalent to a 0.2 
per cent solution of oxalate. 

The cell shrinkage is less, while the change in the whole blood 
bicarbonate is greater in the sodium chloride specimen; cell and 
serum bicarbonate are much the same in the chloride and oxalate 
samples, being greater in both than in defibrinated blood. The 
changes in serum protein concentration and cell volume in the 
three specimens are closely correlated. 

Rate of Sedimentation of Cells in Oxalated and Defibrinated 
Blood.—Blood containing 0.2 per cent potassium oxalate and a 
sample of the same blood defibrinated were placed in narrow tubes 
and the time rate of settling of the cells was determined. The 
cells of the oxalated sample settled more rapidly. At the end of 2 
hours the serum volume of the defibrinated specimen was 0.02 cc., 
that of the oxalated 0.18 cc. Complete sedimentation in the 
oxalated specimen was reached in 8 hours; complete sedimentation 
of cells in the defibrinated specimen was not attained at the end 
of 50 hours. The experiment was repeated, using for the compari- 
son defibrinated blood and defibrinated blood containing oxalate. 
The serum volume of the two specimens after 2 hours, was 
approximately the same. 


DISCUSSION OF RESULTS. 


There seems to be no doubt that oxalate, in concentrations 
usually employed to prevent coagulation of blood, causes the blood 
cells to contract. The cell volume shrinkage is not regularly 
proportional to the oxalate concentration, although the average 
shrinkage is greater in those experiments in which high concentra- 
tions of oxalate were used. In nine specimens where the oxalate 
concentration is 0.17 to 0.2 per cent, the cell volume of the oxalated 
specimen varies from that of the defibrinated specimen by 1.15 to 
3.60 volumes per cent, an absolute cell shrinkage of 2.5 to 9.0 
per cent. However, if the concentration of oxalate is very exces- 
sive (0.4 to 0.6 per cent), there is a relatively larger absolute 
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shrinkage (14 to 15 per cent). It may be pointed out that no 
direct relationship is to be expected between cell volume changes 
and oxalate concentration in different bloods because of the effect 
of other variables; the direct relationship would presumably 
appear in comparisons on one sample of blood. Both the con- 
centration of carbon dioxide and chlorides and their distribution 
also may be slightly but significantly altered by the addition of 
oxalate, but neither the magnitude nor direction of these changes 
in a given specimen of blood can be predicted. 

Contraction of the blood cells under the influence of oxalate is 
what one would expect if the cells are impermeable to both potas- 
sium and oxalate ions, or unequally permeable to them. It has 
never been determined whether the oxalate ion penetrates the cell 
membrane. Information on other anions has, however, been 
secured. De Boer (15) showed that addition of carbon dioxide 
to blood caused a shift of sulfate ion across the cell membrane. 
Hamburger (16) and Van Slyke and Cullen (17) showed that 
transfer of chlorine from plasma to cells results if blood is treated 
with carbon dioxide. These results were confirmed qualitatively 
but not quantitatively by Fridericia (18). Buell (19) claims that 
inorganic phosphate is confined to the serum, which would 
indicate that the cell envelopes are impervious to phosphate. 
Buell’s observations have not been confirmed by other investiga- 
tors. Rossdale (20), who limited his observations to the relative 
effects of citrate and oxalate on cell volume, found oxalate to 
have a greater effect than citrate in reducing cell volume. His 
results are, however, far from conclusive, since he did not weigh 
his salts. 

The balance of evidence is against the permeability of the red 
cell membrane to cations. Giirber in 1895 (21) showed that 
alterations of carbon dioxide tension caused no transfer of sodium 
and potassium between cells and serum. This fact was subse- 
quently verified by Hamburger. The latter later found that the 
addition of salts or water to blood did cause such a transfer (22). 
Recent unpublished studies from this laboratory (23) indicate 
that there is no transfer of sodium and potassium ions across the 
red cell membrane in response to additions of salts. The absence 
of calcium from the cells, pointed out by Halverson, Mohler, and 
Bergeim (24) and by Falta and Richter-Quittner (25) argues the 
impermeability of the membrane to calcium. 
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Ege (26) found that the rate of penetration of electrolytes into 
cells varies, and was not able to attain equilibrium short of hours 
with some salts. In the case of the experiments recorded here, 
time as a factor has been ruled out. Saturation of oxalated blood 
immediately after its withdrawal from the subject and saturation 
of a duplicate sample of the same oxalated blood 2 hours later 
gave identical values. 

Blood Saturated. 


Immediately. After 2 hrs, 

vols, per cent vols. per cent 
ERE en ea ec eee ae ee 45.05 45.1 
EC Ce TERE ET 20.8 20.9 
Whole blood CO, capacity at 40 mm............ 45.65 45.6 
True plasma “ og TE TS Somtcoa pen 54.15 54.3 


Earlier experiments reported from this laboratory (6) showed 
that oxalated blood, if kept cold, would not change its carbon 
dioxide-combining power for at least 33 hours. 

Record was kept of the apparent amount of hemolysis in each 
blood specimen. Degree of hemolysis does not seem to be cor- 
related with the observed changes. 

According to Cullen (27) and Hastings and Sendroy (28), the 
pH of serum and plasma is the same. It is hard to understand 
how this can be possible if cell volume and electrolyte distribution 
are as much affected as our experiments indicate. It seems more 
likely that the methods used by these observers were not sufficiently 
delicate to permit the detection of these differences. Colorimetric 
methods are accurate to only 0.02 pH, which corresponds to almost 
2 volumes per cent of carbon dioxide on the average absorption 
curve. By the methods employed in our experiments changes of 
carbon dioxide of as little as 0.2 volume per cent can be detected 
with reasonable certainty. 

In Cases 15, 16, and 17, we have, as in the later capacity ex- 
periments, the combined effects of defibrination and oxalate. 
The cell volume shrinkage is about the same as in the similar 
capacity experiments. As is to be expected, since the transfer 
of defibrinated blood to the oxalated chamber is accomplished 
anaerobically, the whole blood carbon dioxide content is not 
altered in the process. The drop in serum carbon dioxide content 
observed in two of the cases is to be explained, partly on the basis 
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of the dilution of the plasma with contraction of the cells, partly 
on the basis of ionic transfers across the cell membrane under the 
influence of potassium and oxalate ions. 

It is clear then that the addition of oxalate to blood at a constant 
carbon dioxide tension (capacity experiments) alters the carbon 
dioxide content; while the same addition at constant carbon 
dioxide content (content experiments) alters the tension. This 
is emphasized in the resaturation experiment (Case 16, Table 
III) where both content and tension are independently varied, 
each variation causing distinct changes. 

In Case 18 we have only the effects of potassium oxalate without 
the complication of defibrination. The blood here, although 
compared directly as drawn from the subject, without exposure 
to air and without resaturation with carbon dioxide, exhibits the 
same variations as the capacity experiments, and offers additional 
evidence that oxalate per se changes the carbon dioxide tension 
of the blood. 

As pointed out above, Warburg claims that the action of potas- 
sium oxalate is similar to that of an equivalent amount of sodium 
chloride. Our failure to get comparable results from the addition 
of apparently osmotically equivalent amounts of potassium oxalate 
and sodium chloride may have been due to the fact that the 
amounts added were not isotonic. Sodium chloride and potas- 
sium oxalate are salts whose anions have different valencies, and 
their osmotic effects probably do not correspond with their ionic 
concentrations. When potassium oxalate is added to blood, some 
of the oxalate anion is precipitated by calcium, the calcium being 
replaced in its combinations by potassium. The calcium is 
confined to the serum, where there is always an excess of anion 
available. If calcium oxalate precipitation is taken into account 
in the calculations, the effect of the oxalate on cell volume and 
ionic distribution becomes no more consistent or predictable. 

In two experiments (Table I, Cases 10 and 11) the carbon 
dioxide absorption curves of oxalated and defibrinated blood were 
compared. In both cases the whole blood carbon dioxide at 30 
and at 60 mm. was the same in the oxalated and the defibrinated 
specimen. In Case 10 the plasma and serum carbon dioxide at 
30 mm. were the same, but the 60 mm. serum was higher than the 
60 mm. plasma. In Case 11 the 30 mm. serum was higher than 
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the 30 mm. plasma, and at 60 mm. plasma and serum were the 
same. If the plasma and serum curves are plotted on logarithmic 
paper (the logarithmic carbon dioxide absorption curve is a 
straight line (6)) it will be seen that they intersect (Fig. 1), 
In Case 10 they intersect at the 30 mm. point; in Case 11, they 
intersect at the 60 mm. point. The intersections in the processes 
occur in opposite directions. In Case 10 the serum curve is higher 
than the plasma at high carbon dioxide tensions; in Case 11 the 
serum curve is higher than the plasma at low tensions. If these 
were cases where defibrinated and oxalated whole blood differed 
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Fic. 1. Comparison of the CO, absorption curves of serum and oxalated 
plasma (Cases 10 and 11). — = serum; ---- = plasma. 


at constant carbon dioxide tension, similar intersections of whole 
blood curves might be demonstrated. In other words, oxalate 
may influence both the height and the shape of the absorption 
curve. Such changes in the absorption curve under the influence 
of oxalate probably are the causes of the apparent inconsistency 
of the electrolyte disturbances. The effects of oxalate on bi- 
carbonate and chloride distribution depend on whether the blood 
was studied at a carbon dioxide tension above or below the point 
of intersection of the defibrinated and oxalated absorption curves. 

The rapid settling of blood cells in oxalated blood must be due 
to the removal of fibrin and not to the presence of oxalate, since 





XUM 


e the 
‘hmic 
is a 
E> OD, 
they 
esses 
igher 
| the 
hese 
ered 


| 


a = & 





A. J. Eisenman 603 


defibrinated blood to which oxalate has been added has the same 
cell sedimentation rate as defibrinated blood. This is an indica- 
tion that oxalate definitely alters the physical properties of the 
blood. That the cell volume changes after oxalate are not due 
merely to physical alterations of this nature, which facilitate 
packing of the cells, is proved by the protein determinations in 
the oxalate-chloride comparison experiment. The serum and 
plasma protein values show evidence of a transfer of water from 
the cells that is in keeping with the cell volume findings. That 
this is true of electrolyte changes also is apparent from Experiment 
18, in which the distribution of carbon dioxide in oxalated blood 
and defibrinated blood analyzed just as they were drawn, without 
air contact or saturation, differed. 


CONCLUSIONS, 


Since potassium oxalate has such varied and inconsistent 
influence on the electrolyte distribution in blood, it is impossible 
even to establish an average correction for its effects. Where 
only approximate accuracy is desired (7.e. carbon dioxide values 
within 1 volume per cent, sodium chloride to within 0.2 gm. per 
liter, and cell volume to within 3 volumes per cent), the use of a 
concentration of oxalate not exceeding 0.2 per cent may be justi- 
fied, because of the fact that it affords a simple means of prevent- 
ing clotting. However, where the absolute accuracy attainable 
by the methods used for the determination of these constituents is 
desired, the use of potassium oxalate as an anticoagulant is not 
advisable and should be replaced by defibrination. 

Although this study hag not proved that defibrination itself is 
without effect on cell volume and electrolyte distribution, the bulk 
of evidence would indicate that this is the case. 

The fact that the cells of defibrinated blood settle very slowly 
is an additional reason for the use of defibrinated blood. In 
certain pathological bloods, if oxalated specimens are used for 
study, the cells settle out so rapidly that it is almost impossible 
to obtain a good plasma-cell mixture and it is therefore difficult 
to get good check duplicate whole blood analyses. 

The common use of sodium fluoride, which presumably acts 
like sodium chloride, is also to be deplored, because it affects the 
electrolyte distribution and because it is unnecessary. 
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SUMMARY. 


1. Defibrinated and oxalated blood saturated with 40 mm. of 
carbon dioxide in air showed no consistent differences except as 
regards hematocrit, which was always lower in the oxalated 
specimen. The variations in electrolyte (bicarbonate and chlo- 
ride) distribution were not consistent in direction or degree. 

2. Defibrinated blood and defibrinated blood containing oxalate 
showed the same consistency as regards cell volume variations 
and the same inconsistencies as regards variations in the electrolyte 
distributions as did defibrinated and oxalated blood. 

3. Blood drawn and defibrinated out of contact with air, when 
directly compared with blood drawn onto 0.2 per cent potassium 
oxalate out of contact with air, showed that oxalated and defi- 
brinated blood as drawn directly from the body are no more similar 
than such bloods are after exposure to a new definite tension of 
carbon dioxide. 

4. The carbon dioxide absorption curves of oxalated and 
defibrinated blood are not identical. 

5. The action of a given concentration of oxalate is not the same 
as that of an equivalent amount of sodium chloride. 

6. Time is not a factor. Equilibrium conditions are the same 
immediately after the addition of oxalate and 2 hours after its 
addition. 

7. The use of defibrinated blood is advised for studies involving 
electrolyte distribution, because the effects of potassium oxalate 
are unpredictable. 
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METHOD FOR ANAEROBIC DEFIBRINATION OF BLOOD. 


By ANNA J. EISENMAN. 


(From the Department of Internal Medicine of Yale University and the 
Medical Service of the New Haven Hospital, New Haven.) 


(Received for publication, September 14, 1926.) 


It was pointed out in the preceding paper (1) that the electro- 
lyte equilibrium of blood is disturbed if potassium oxalate is used 
as an anticoagulant and that therefore defibrination should re- 
place the use of potassium oxalate where precise results are de- 
sired. Since no satisfactory method existed for defibrination of 
blood out of contact with air, it became necessary to devise a 
simple technique for this purpose. 

Blood must be collected and defibrinated anaerobically for 
experiments in which the electrolyte equilibrium as it exists in the 
circulating blood is studied, so called ‘‘content’’ experiments, as 
distinguished from “capacity” experiments, in which the blood is 
drawn from the subject without precautions against exposure 
and is subsequently brought into equilibrium with a definite 
tension of carbon dioxide. For the latter type of experiment, 
the blood may, of course, be collected in an open tube and de- 
fibrinated in the conventional manner by stirring with a glass 
rod. It was particularly for content experiments that the method 
described here was developed. 

Anaerobic defibrination of blood cannot be successfully ac- 
complished by merely stirring oil-covered blood with a glass rod. 
The clot cannot be completely removed in this manner; further- 
more, defibrination may require 10 to 15 minutes, which is a 
sufficiently long time to permit a significant gas exchange (through 
oil) between the blood and the outside atmosphere. 

The following is a convenient and satisfactory method for 
defibrination of blood without exposure to air. The receptacles 
for the blood are blood-sampling bulbs of varying capacities 
(8 to 30 cc.) of Pyrex glass, similar to those described by Austin 
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et al. (2). The tubes connecting the bulb with the stop-cock 
and the rubber tubing must be at least 3 mm. inside bore to 
prevent the blood from sticking in the ends. 

The blood is drawn into a Luer syringe sealed with albolene 
and transferred immediately to the blood-sampling bulb which 
is filled with mercury. All but 1 or 2 ec. of mercury, the amount 
depending on the size of the sampling bulb, is displaced from the 
bulb with blood. This proportion of blood to mercury must be 
approximately adhered to, because less mercury will not be 
sufficient to defibrinate the blood, and a greater proportion of 
mercury tends to cause hemolysis. The sampling bulb contain- 
ing blood and mercury is inverted repeatedly, care being taken 
that the mercury is driven into the narrow ends of the bulb with 
each inversion. The residual mercury acts as a plunger and de- 


TABLE I. 
Comparison of Oxygen Capacities of Blood Aerobically and Anaerobically 
Defibrinated, and Oxalated Blood. 





| Treatment of blood. 











Case No. Old aerobic | New anaerobic 
~~ ws - - Oxalated. 
defibrination. defibrination. Chas eaten 
Oxygen capacity. Oxygen capacity. Jxy8 packy. 
vols. per cent vols. per cent vols. per cent 
1 17 .36 17 .23 
2 18.87 | 18.73 18.68 
3 16.75 16.52 








fibrinater; the fibrin collects on fine globules of mercury. It is 
important to continue the shaking for 5 minutes after clotting 
has begun. The commencement of clotting is evidenced by a 
greater viscosity of the contents of the sampling bulb and a 
tendency of the blood to stick in the narrow ends of the tube. 

After defibrination is complete, the leveling bulb connected 
with the sampling tube is raised and the lower stop-cock of the 
tube is opened so that the blood will be under positive pressure. 
This is a necessary precaution, because otherwise, as the blood 
cools down to room temperature, gas will be evacuated from 
it. The clot adheres firmly to the mercury globules and sinks 
to the bottom of the tube, so that it never interferes with the 
withdrawal (under positive pressure) of the blood samples for 
analysis. 
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. In order to see if any excess of cells was occluded in this method 
of defibrination, the oxygen capacity of blood so defibrinated 
was compared with that of blood defibrinated in the ordinary 
manner by stirring in an open tube with a glass rod. In one 
case it was also compared with the oxygen capacity of the same 
blood oxalated. (Potassium oxalate does not change the oxygen 
capacity of blood.) The checks were satisfactory (Table I). 


BIBLIOGRAPHY. 


1, Eisenman, A. J., J. Biol. Chem., 1927, Ixxi, 587. 
2. Austin, J. H., Cullen, G. E., Hastings, A. B., McLean, F. C., Peters, 
J. P., and Van Slyke, D. D., J. Biol. Chem., 1922, liv, 121. 




















A GASOMETRIC METHOD FOR THE DETERMINATION 
OF pH IN BLOOD. 


By ANNA J, EISENMAN, 


(From the Department of Internal Medicine of Yale University and the 
Medical Service of the New Haven Hospital, New Haven.) 


(Received for publication, September 14, 1926.) 


There are three possible techniques by which the pH of body 
fluids may be determined: (1) the electrometric technique, using 
the hydrogen electrode, (2) the colorimetric technique, using dye 
or buffer standards, and (3) the gasometric technique in which the 
pH is determined by carbon dioxide analyses. The method de- 
scribed in this paper is a gasometric method, which utilizes the 
carbon dioxide absorption curve of “separated” serum. 

The electrometric technique, the standard method to which all 
others must be referred, is complicated, requires expert manip- 
ulation and almost constant standardization. Colorimetric 
methods are simple in execution but of doubtful accuracy and 
limited applicability. The gasometric method thus becomes the 
method of choice where accuracy and wide clinical application 
are desiderata and where only ordinary laboratory facilities are 
available. 

The two most widely employed colorimetric pH methods are 
those of Cullen (1) and of Hastings and Sendroy (2). Cullen’s 
method employs a series of phosphate buffer mixtures as standards, 
comparing with these standards plasma diluted twenty-fold with 
normal saline which has previously been adjusted to pH 7.35 to 
7.4. The diluted plasma is brought to 20°C. before comparison 
with the standard. Correction is made for protein, salt, and 
temperature effects by subtracting from the reading a standard 
figure, called by Austin, Stadie, and Robinson (3) the C correction. 
Cullen admits that the difference between colorimetric and electro- 
metric pH readings may be altered, especially in pathological 
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cases. Hence the method is of limited applicability where a va- 
riety of pathological material is studied. 

Hastings and Sendroy (2) use a set of bicolor standards made of 
acid and alkaline mixtures of the dye, phenol red. The diluted 
serum and dye standards are adjusted to 38°C. This method 
therefore eliminates temperature effects; it does not, however, 
according to Austin, Stadie, and Robinson, adequately control 
salt and protein effects. These authors show that the errors due 
to such effects in colorimetric methods may cause an error of as 
much as 0.08 pH. Quite often when studies of pH are made it is 
also desirable to know the carbon dioxide tension of the serum. 
An error of 0.08 pH involves great inaccuracy in the determination 
of this value. 

Austin, Stadie, and Robinson (3) have developed a method 
which is a combination of colorimetric and gasometric technique. 
This method is more complicated than those of Cullen and of 
Hastings and Sendroy, but it does take care of Cullen’s C 
correction. 

A less complicated gasometric technique has been developed by 
us, which is independent of the C correction and also serves to 
determine carbon dioxide tension accurately. The advantage of 
using a gasometric technique for pH determinations when the 
other determinations in a series are estimated gasometrically is 
the elimination of extra apparatus, colorimetric standards, or the 
hydrogen electrode. 


Procedure. 


The method here described is based on the Henderson-Hasselbalch 
equation (4): 
BHCO; 
= 4 } l er —— 
(1) pH pK, + log HCO, 


When BHCO; is estimated from gasometric determination of the total CO: 
content of the serum, it is calculated, in terms of volumes per cent COs,, as: 


BHCO; = CO; = H,CO; 


100 & p 


760 





H:.CO; = 
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where a is the solubility coefficient of CO2 in serum at 38° and p is the CO; 
tension. Hence, when the experimentally determined data, viz. CO, 
content, and CO, tension, p, are introduced into Equation 1 it becomes 


100 a p 
760 
100 a p 

760 


CO; 
(2) pH = pK, + log 








pK; is not a constant for whole blood: it is different for cells and plasma, 
and therefore varies in whole blood with the cell volume (5) as well as with 
the pH and the state of oxygenation (6, 7). For serum and plasma (with 
minimum oxalation) pK; is approximately constant. Using Bohr’s value 
for a, viz. 0.541 for serum, the average value of pK; calculated from Cul- 
len’s (1) CO, tension, CO, content, and electrometric pH value in ten 
plasmas and six sera is 6.14. This value of pK: = 6.14 was used by Austin 
et al. (8) and was employed by Peters (9) in the construction of the loga- 
rithmic chart of the relationships of carbon dioxide tension, carbon dioxide 
content, and pH of serum and plasma. However, thirteen determinations 
on horse serum by Van Slyke, Hastings, Murray, and Sendroy (10), and a 
larger series on normal and pathological human sera (private communica- 
tion) have established an average constant pK, value of 6.12. This is con- 
sidered to be the most accurate series of determinations of the value of 
pK;, and we have therefore employed it in the calculation described in 
this paper. 

In order to calculate pH by the Henderson-Hasselbalch equation as 
expressed in Equation 2, it is obviously necessary to determine the CO, 
tension p. For this purpose the carbon dioxide absorption curve of sepa- 
rated serum or plasma may be used. Peters, Eisenman, and Bulger (11) 
and Peters (9) have demonstrated that the logarithmic CO: absorption 
curves of whole blood, true plasma, or separated plasma are straight lines. 
The absorption curves of whole blood or true serum cannot be used, be- 
cause they are altered by changes in the state of oxygenation of the blood. 
Jofie and Poulton (12) pointed out that the absorption curve of plasma 
separated from the blood without air contact (‘‘separated”’ plasma) inter- 
sects the curve of plasma separated from blood after saturation with carbon 
dioxide (“‘true’’ plasma) at the carbon dioxide tension at which the sepa- 
rated plasma was removed from the cells. pK, of separated plasma is 
constant and independent of the state of oxygenation of the blood. Sep- 
arated plasma can, therefore, be conveniently used for the determination 
of pCOs. 

Briefly the method consists in determining the carbon dioxide 
content of the serum separated directly (without air contact) 
from the cells as drawn, saturating the separated serum at two 
known points of carbon dioxide tension, preferably above and 
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below the carbon dioxide tension of the unknown blood specimen, 
and analyzing the saturated serum samples for carbon dioxide. 
For carbon dioxide determinations the constant pressure apparatus 
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of Van Slyke and Stadie (13) with a water-jacketed burette 
calibrated in 0.01 cc. and the constant volume apparatus of 
Van Slyke and Neill (14) were employed. 
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Saturation is effected by the second saturation technique de- 
scribed by Austin ef al. (8) at 38°C. In this method, the blood or 
plasma is exposed to a definite tension of carbon dioxide made up 
from a gas manifold. The gas in the tonometer then need not be 
analyzed. The ordinary macro methods of saturation in a 750 
ec. tonometer are wasteful, so saturation is carried out in a small 
tonometer of about 60 cc. capacity, filled with gas from a cali- 
brated fine bore 10 cc. burette, graduated in 0.05 cc. Carbon 
dioxide can be measured to 0.01 cc. with a probable accuracy of 
0.02 cc. A sketch of the saturation system is given in Fig. 1. 

The small tonometers also serve, without transfer of the serum 
after saturation, as sampling bulbs. One end (A) is equipped 
with a three-way stop-cock of capillary bore, one opening (AC) 
leading to the bulb and the other (AB) communicating with the 
outside air. After saturation the rubber pressure tubing joined to 
the leveling bulb is connected with the three-way stop-cock of the 
tonometer, which has been wiped dry. The air in the capillary 
orifice of the stop-cock is displaced by wasting mercury through 
the open end (AB). Then the mercury is allowed to rise into the 
sampling bulb through (AC) until all the gas is displaced. This 
process takes but a short time. After complete gas displacement, 
the upper two-way stop-cock (D) of the tonometer is shut and the 
lower stop-cock (AC) is allowed to remain open so that, as the 
serum cools from 38°C. to room temperature, no gas will be 
evacuated from the blood. ; 

Duplicate determinations on a single point require only 3 cc. 
of serum. 

Controls.—That such a saturation procedure checks excellently 
with saturation in the larger 750 to 780 cc. tonometer and that 
equilibrium in the large tonometers gives correct saturation values, 
was established by a series of controls. The controls were carried 
out as follows: 

1. To show that a gas mixture of known CO, tension can be 
accurately prepared in small tonometers. The carbon dioxide 
content of serum saturated in a small tonometer with 40 mm. of 
carbon dioxide in air from the small manifold was compared with 
that of serum saturated in a large tonometer with 40 mm. of 
carbon dioxide in air from a large manifold. In one case (A) these 
were also compared with the carbon dioxide content of serum 
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saturated in a large tonometer with 40 mm. vf carbon dioxide in 
air from the small manifold. The concordance in values is ex- 
tremely satisfactory (Table I). It has already been shown (5) 
that gas mixtures can be accurately prepared in the large tonom- 
eters. 

2. Toshow that the large system (750 cc. tonometersand 50 cc. gas 
burettes in manifold) permits saturation values capable of duplica- 
tion. (a) Whole blood was saturated with 30 and 60 mm. of carbon 
dioxide in air by means of the large equilibrium system. The car- 


TABLE I. 
Comparison of Large and Small Equilibrium Systems. 





Separated serum carbon dioxide content at 40 mm. carbon dioxide tension. 




















Sample. 
Large tonometer, | Large tonometer, Small tonometer, 
large manifold. small manifold. small manifold. 
| 
vols. per cent | vols. per cent vols. per cent 
| - £ 
A 56.55 56.5 | 56.5 
B 45 .35 45.15 
Cc 59.4 59.4 
TABLE II. 
Duplicate Absorption Curve of Oxalated Blood. 
Carbon dioxide capacity of whole Carbon dioxide of plasma. 
Saturation blood. Duplicates. | Duplicates. 
tension. — 
| A B | A | B 
mm. Hg | vols. per cent vols. per cent | vols. per cent vols. per cent 
30 40.1 40.1 49.7 | 49.6 
60 53.8 53.8 62.8 | 62.9 





bon dioxide capacity of whole blood and true serum was determined. 
A duplicate sample of blood was subjected to the same technique. 
The values obtained are duplicates within the error of the method 
(Table II). (b) Whole blood was saturated at either 30 or 60 mm. 
of carbon dioxide in air, and the plasma separated. Another 
portion of the separated serum was then saturated at the other 
tension (that is the serum separated at 30 mm. was saturated at 
60 mm. and vice versa). Resaturation of the separated serum or 
duplicate saturations were made. From Table III it can be seen 
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that the carbon dioxide content of the resaturated or separately 
saturated serum is the same as the original. 

Aside from the experimental proof that resaturation values 
check first saturation values, it can be shown mathematically 
that the error involved in saturating only once is small. It will 

TABLE III. 
Duplicate Saturations or Resaturations of Separated Plasma. 


























Carbon dioxide content of separated plasma at: 
30 mm. CO: tension. | 60 mm. CO, tension. 
- rate - | Dupli- 
irst cate irst cate 
satura- | of first bn satura- | of first | Dest 
tion. | satura- ‘| tion. | satura- 
tion. | tion. 
vols. vols. | vols, | vols. vols. | vols, 
per cent\per cent|per cent|per cent per cent |per cent 





A. True plasma saturated at 30 | 
| 49.2 | 
“ Same true plasma saturated | 
at 30 mm., then separated | 
and saturated at 60 mm...| | | 54.5 | 54.3 | 54.5 
B. True plasma saturated at 60 | | 


3 

3 
x1 
- 
v0) 
“1 
on 
S) 


“ Same true plasma saturated | 
at 60 mm., then separated 
and saturated at 30 mm....| 69.5 | 69.6 | 

C. True plasma saturated at 30 
SE i c'a nn da Meare tenance nario tna ae 42.9 | | 42. 

“ Same true plasma saturated 
at 30 mm., then separated | 
and saturated at 60 mm....| 49.5 49.45 

D. True plasma saturated at 60 
PE Coenen tas saan 33.3 | 33.5 

“ Same true plasma saturated 
at 60 mm., then separated | 
and saturated at 30 mm....| 27.6 | 27.85) 


“I 


ou 








be demonstrated below that the average difference of separated 
serum between 30 and 60 mm. is 5.6 volumes per cent of carbon 
dioxide. 

Then 1 mm. CO, tension causes a change of 


5. 
a = 0.19 volumes per cent CO, 
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If in a 60 cc. tonometer containing 3 cc. of serum, the CO, 
tension is altered from 30 to 60 mm., the maximum change in 
tension produced by the CO, given off or taken up by the blood 
would be 


3 
60 X 30 = 1.5 mm. CO, 


The effect on CO, content would be 


1.5 X 0.19 = 0.29 volumes per cent GO» 


Similarly, in the large tonometer of 780 cc. containing a 6 ce, 
sample, the maximum change in CO, tension would be 


, 
— X 30 = 0.23 mm. 
780 


The effect on COz content would be 
0.23 X 0.19 = 0.04 volumes per cent CO, 


If, then, the saturation is carried out at a carbon dioxide tension 
differing by as much as 30 mm. from that of the original blood, 
the error involved in the determination of carbon dioxide would 
not exceed 0.2 to 0.3 volumes per cent. It has already been 
demonstrated that the error in the procedure itself is not greater 
than 0.2 volumes per cent. The maximum error in the whole 
determination should not then exceed 0.4 volumes per cent, which 


is equivalent to approximately = <x 30 = 2 mm. of carbon 
5. 


dioxide tension. This represents about 0.02 to 0.03 of pH. 
Method in Detail.—To carry out a gasometric pH determination, 
the carbon dioxide content of the serum separated from the cells 
without air contact is determined. One sample of the separated 
serum is saturated at a tension below, and the other at a tension 
above that of the original blood. Unless the carbon dioxide 
content is abnormally low, 30 and 60 mm. tensions may be em- 
ployed. The saturated sera are analyzed for carbon dioxide 
content. By means of a logarithmic pH chart (9), a straight line 
is drawn through the two determined points. The carbon 
dioxide content of the original blood serum is placed on this line 
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and its tension and pH can be read with considerable accuracy. 
Greater accuracy is obtained by calculating pCO, mathematically 
by the following formula derived from the straight line logarithmic 
relation between CO, content and CO, tension. 


log Cy — log C,] [log py — log pg) 
[log C, — log Cy] 





log p, = log py 


where C = CO, content in volumes per cent. p = tension of 
CO. in mm. of mercury. Subscripts A and B refer to the blood 
samples saturated at known CO, tensions, x to the sample ana- 
lyzed without saturation. 

pH can then be calculated by means of Equation 2, Bohr’s 
value 0.541 being substituted for a and p, for p. 

Alternative Method.—Relatively large amounts of serum are 
required for the method just described, but it is possible with 
greater error, to determine pCO, and pH from the carbon dioxide 
content of the serum separated directly from the cells without 
exposure to air and of the separated serum after saturation at one 
known tension. We have determined the average difference 
between the carbon dioxide contents of separated serum samples 
saturated at 30 and 60 mm. of carbon dioxide in air (A COs, ,) 
in forty samples of human serum, normal and pathological. Some 
of the values were obtained by direct analysis of the carbon 
dioxide content of the sera at 30 and 60 mm. Where points 
other than these were used, the carbon dioxide content at 30 and 
60 mm. was calculated by the straight line logarithmic formula 
(15). The average value for (A COn,,,,) is 5.63 volumes per 
cent of carbon dioxide, with variations from 2.9 to 9.0 volumes 
per cent. Thirty-five of the readings fall between 4.0 and 7.0. 
The lower values were obtained from two determinations on one 
pathological case, the upper values from a normal person who 
had received bicarbonate. 

In the course of another investigation (16), seventeen deter- 
minations of (A COs, ,,) on cat’s blood were made. The values 
for (A COsz,, ,,) show rather more scattering than was found in 
human sera, ranging from 3.0 to 7.4 volumes per cent, but the 
average value, 5.4 volumes per cent, is remarkably close to that of 
separated human serum. Although from a comparison of only 
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two species it is impossible to establish the fact that all mammalian 
separated serum slopes are practically alike within the limited 
range of 30 to 60 mm., still this value may prove to be more 
constant from species to species and from serum to plasma than 
is true of Cullen’s C correction, which varied rather widely in 
different species and in serum and plasma of the same species. 

This approximate value of 5.6 volumes per cent obtained from 
human separated sera is used to determine pH where only one 
saturation point and the carbon dioxide content of the unknown 
serum are determined. On the logarithmic pH chart a line is 
drawn through the determined point with a slope such that the 
intersections of this line with the 30 mm. line is 5.6 mm. lower 
than the intersection with the 60 mm. line. The unknown point 
is interpolated on the curve when pCO, and pH can be read off. 

The relative accuracy of the method obviously depends some- 
what on the distance between the unknown and the determined 
points. Table IV will illustrate this point. In making the 
table, the carbon dioxide content of the serum separated from the 
cells without air contact was used and one of the two known 
points was considered as the determined point. The value of the 
other known was calculated by using the average value of 5.6 
volumes per cent (A COs, ,,). The calculated carbon dioxide 
content and pH are compared with the observed content and pH. 
The figures are arranged so that the differences between deter- 
mined and unknown points are in ascending order. There is a 
general tendency for the error to increase proportionately to the 
difference between determined and unknown points. If the 
difference between the two is small, the pH deviation lies within 
the error of the method. 

This will serve to emphasize the necessity for keeping the 
serum out of air contact until the entire procedure is carried out. 
Significant loss of carbon dioxide renders more inaccurate the 
saturation of the specimen at a carbon dioxide tension near its 
original body tension. 

The larger differences between determined and unknown in- 
dicated in Table IV are, of course, greater than are necessary in 
actually employing the one point method, because fairly close 
approximation can be secured if the carbon dioxide content of the 






































A. J. Eisenman 621 
i serum separated from the cells without air contact is first deter- 
y “08 mined. Fig. 2 can then be used to find approximately the tension 
aan of the original blood serum, and the separated serum can be 
than TABLE IV. 
y in Error in One Point Method. 
cles. Carbon dioxide tension. pH 
rom Of blood as | l 
: : | pj Error in | Observed |Calculated) Error of 
one plana wae|” by two" | ‘between’ | by-one | OB6Roint | by two | “by one /one point 
owe saturated. am (1) and (2). point. (4) — (2). | methed. | method, | (7) — (6). 
phe wm | @ | eo | w | ww (6) m | @®) 
2 mm. Hg mm. Hg | mm. Hg mm, Hg mm. Hg | 
oint 60 59.4 0.6 | 59.4 0 7.28 | 7.28 | 0 
30 34.7 4.7 | 35.3 +0.6 7.44 7.43 | —0.01 
off. 60 | 55.3 4.7 | 56.9 | +1.6 | 7.31 | 7.29 | —0.02 
me- 60 55.2 4.8 56.2 | +1.0 | 7.27 7.26 | —0.01 
ned 30 39.3 9.3 34.8 | —4.5 | 7.44 | 7.49 | +0.05 
the 20 30.3 | 10.3 32.0 +1.7 | 7.39 | 7.36 | —0.03 
the 30 42.1 12.1 51.4 | +9.3 7.41 7.32 —0.09 
20 32.8 | 12.8 31.0 —1.8 7.40 | 7.43 +0.03 
own 30 42.9 | 12.9 42.2 | -—0.7 | 7.45 | 7.46 | +0.01 
the 30 43.0 | 13.0 44.2 +1.2 | 7.39 | 7.38 | —0.01 
5.6 30 43.4 | 13.4 48.0 | +4.6 | 7.40 | 7.35 | —0.05 
ide 60 45.8 | 14.2 40.7 -5.1 7.42 | 7.47 | +0.05 
H 60 74.8 | 14.8 73.6 | —1.2 7.15 7.16 | +0.01 
pan. 30 | 45.8 | 15.8 54.2 +8.4 7.42 7.34 | —0.08 
ber- 6 | 434 / 166 | 392 | -42 | 7.40 | 7.45 | +0.05 
sa 60 43.0 | 17.0 | 41.8 | -1.2 | 7.39 | 7.40 | +0.01 
the 60 42.9 | 17.1 43.5 +0.6 7.45 7.44 —0.01 
the 60 42.1 | 17.9 | 33.7 | -84 | 7.41 | 7.51 | +0.10 
hie 60 | 39.3 20.7 | 48.1 | +8.8 7.44 7.34 | —0.10 
30 | 55.2 25.2 | 58.8 +3.6 7.27 7.24 | —0.03 
30 | 55.3 25.3 | 59.7 | +4.4 7.31 7.27 | —0.04 
the 60 | 34.7 | 2.3 | 32.6 | 42.1 | 7.44 | 7.46 | +0.02 
ut. 60 | 32.8 27.2 | 33.0 | +0.2 | 7.40 | 7.40 0 
the 30 | 594 | 294 | 65.7 | 46.3 | 7.28 | 7.24 | —0.04 
it. 60 50.3 29.7 | 28.3 —2.0 7.39 7.42 +0.03 
30 74.8 44.8 70.4 —4.4 7.15 7.18 +0.03 
i. saturated at a tension fairly near it. Fig. 2 was constructed as 
hee follows. About fifty observations on carbon dioxide content and 
“7 tension of miscellaneous pathological and normal human cases 
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were secured.' There is a general tendency for carbon dioxide 
tension and carbon dioxide content to vary together, but the 
scattering is so great that it is impossible to express this tendency 
accurately. The average AB line was, therefore, drawn. The 
twenty abnormally low values (below 36 mm. of carbon dioxide 
tension) were averaged and the corresponding carbon dioxide 
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Fic. 2. The relation between CO, content and CO, tension. 


content values were averaged. These average values were used 
to locate point A. Similarly, the thirty values above 36 mm. 


‘Only about ten of these determinations were done according to the 
technique described in this paper. The remaining data were obtained from 
colorimetric determinations and are, therefore, not strictly accurate. 
They probably serve well enough to determine the average relation between 
carbon dioxide content and tension. 
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tension were averaged and used to locate point B. The line AB 
naturally affords only a rough means of estimating pH. There 
was much scattering among the low tension cases (in many of 
them the carbon dioxide content was relatively high), but even 
then, the error in using the chart rarely exceeds 12 mm. In the 
tension range from 36 to 60 mm., the error in using the chart 
rarely exceeds 8 mm. The carbon dioxide content corresponding 
to the two uppermost tensions (64 and 75 mm.) was relatively low, 
and the error is large, but these are extreme cases. 

This chart, it may be added, can be used to approximate the 
carbon dioxide tensions of the original serum only for human 
sera. pCO, and pH relative to carbon dioxide content were found 
to be lower for cat sera (16) than for human sera; hence it would 
probably be necessary to construct a chart for each species. 


Determinants of the Separated Serum or Plasma Slope. 


Although the variations in (A COs, ,) are not of enormous 
magnitude, still there is enough scattering to permit the hope 
that the conditions causing these variations might be indicated. 

There are several experiments designed to show the influence of 
bicarbonate concentration on (A COs, ,,).. Table V shows the 
nature of the specimen used and other determinations or observa- 
tions made ona given sample. In Cases 1, 2, 3, and 8, true plasma 
was separated at 30 mm. of carbon dioxide tension and saturated 
at 60 mm. (specimen A), true plasma from the same blood specimen 
was separated at 60 mm. and saturated at 30 mm. (specimen B). 

In each case (A COr,, ,,) was greater for specimen B than for 
specimen A. The 60 mm. true plasma has a higher bicarbonate 
concentration and a lower pH than the 30 mm. true plasma, factors 
which probably account for the increased (A COs, ,,) in specimen 
B. There is one slight variable here that should possibly be 
considered. 60 mm. true plasma is more concentrated than 30 
mm. true plasma because the cell volume at 60 mm. is increased 
by water derived from the serum under the influence of the greater 
acidity of the blood at the higher tension of carbon dioxide. The 
carbon dioxide content of 60 mm. true serum is, however, so 
little increased by this factor, that it could hardly account for the 
greater value for (A COz,, ,,) in specimen B. In any one plasma, 
then, the steepness of the slope seems to vary with the bicarbonate 
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TABLE V 
Separated Serum or Plasma Slopes, (AC 0: soso)? and Its Determinants, 
] ) « wicanys - 
Separated 2 
serum or .) 
plasma car- Ss 
bon dioxide | a 
| content at: | S 
| 
; sas a Remarks. 
|a& os is 2 | 
_ 4 . . | 
| Os Os 2 5 | 
|} 8 ;.2 - - 
ge/ 62/6 | & | 
Ee | &s | § 
a4 & 
3 3 <= a | 
imme ! 


| Case No. 


bo 


~I 














vols, | vols, | vols. | vols. | 
per per per per | 
| cent cent cent cent | 


(50.5 55.7 | 5.2 | 6.94) True plasma separated at 30 mm., re- 

| saturated at 60 mm. 

\59.65/65.0 | 5.35 | True plasma separated at 60 mm., re- 
| saturated at 30 mm. 

(43.7 48.6 | 4.9 | 8.67| True plasma separated at 30 mm., re- 

| 


| saturated at 60 mm. 








153.8 |59.95) 6.15] | True plasma separated at 60 mm., re- 
| saturated at 30 mm. 
46.75|52.45| 5.7 | 8. 57| True plasma separated at 30 mm., re- 
" saturated at 60 mm. 
\56 .75/62.7 | 5.95) True plasma separated at 60 mm., re- 


saturated at 30 mm. 

46 .85)51.2 | 4.35) 7.81; True plasma separated at 30 mm., re- 

lo saturated at 60 mm. 

25.6 (32.05) 6.45; | 0.01 cc. concentrated lactic acid added to 

| | | 12 cc. of 30 mm. true plasma, acidified 
| 
01 


i) 


plasma then separated and saturated at 
30 and 60 mm. 

True plasma separated at 30 mm., resatu- 
rated at 60 mm. 

65.8 be. 3 | 4.5 | | 5 mg. of Na,CO; added to 15 cc. of 30 mm. 
| | true plasma, alkalinized plasma then sep- 
| | | arated and saturated at 30 and 60 mm. 

2.7 (69. 55| 6.85) | True plasma separated at 30 mm., re- 

| saturated at 60 mm. 

50.45/56 .35) 5.9 | | 0.01 cc. of concentrated lactic acid added to 

| | | 12 ec. of 30 mm. true plasma, acidified 

plasma then separated and saturated at 

| | 30 and 60 mm. 

[45.75/51 .55) 5.8 | 7.53) True plasma separated at 30 mm., re- 
saturated at 60 mm. 

4.9 | 0.04 cc. of concentrated lactic acid added to 
36 ce. of whole blood, then true plasma of 
acidified blood saturated at 30 mm., then 
separated and saturated at 60 mm. 





| 
-m 25/58.6 4.35) 7.01 
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15 


17 


18 
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TABLE V—Concluded 



































sente, Separated | @ 
serum or oo) 
| plasma car- Ss 
| bon dioxide | 5 
| content at: | | s | 
——————e| | € i Remarks. 
a _ | e | 
5.19 3 | a | 
eae. i 
g|c8i- ial 
Saigaigi| & 
$/&e)&s|/o | g 
éiz js |/2/& 
| vols. | vols. | vols. | vols. 
ae per per per per 
cent | cent | cent cent 
| | a - « 
8 |58.6 61.5 | 2.9 | 7.54 True plasma separated at 30 mm., re- 
i saturated at 60 mm. 


59.0 |65.4 | 64! | True plasma separated at 60 mm., re- 
saturated at 30 mm. 

















1y Tes 
9 (49.5 |54.4 | 4.9 7.23; True plasma separated at 30 mm., re- 
, Te | | | saturated at 60 mm. 
10 (69.55,75.0 | 5.45) 6.84) True plasma separated at 60 mm., re- 
= | | | saturated at 30 mm. 
ll |42.8 49.5 6.7 | | 7.09) True plasma separated at 30 mm., re- 
, Te | | saturated at 60 mm. 
12 {27.7 |33.4 | 5.7 | | True plasma separated at 60 mm., re- 
, Te | saturated at 30 mm. 
13 42.1 48.3 | 6.2 | 7.08 - aren serum saturated at 20 and 60 mm. 
te 13A /46.2 [51.7 | 5.5 | 6.8 . 20 “ 60 
| " (13A 7 aad after 13). 
d to 14 (55.5 |60.7 | 5.2 c .74| Separated serum saturated at 30 and 60 mm. 
lified | (normal). 
d at '55.6 |60.0 | 4.4 | 6.64) Separated serum saturated at 30 and 60 mm. 
| | | (after G.-want). 
satu- 14A [59.4 65.7 | 6.3 | 6.36) Separated serum saturated at 30 and 60 mm. 
| | (normal). 
mm. 15 /59.45/65.95) 6.5 | 7.36) Separated serum saturated at 30 and 60 mm. 
sep- | (normal). 
m. (58.3 (65.5 | 7.2 | 7.56) Separated serum saturated at 30 and 60 mm. 
re- | | | (after O.-want). 
16 oa 58.45) 6.2 6 68} Separated serum saturated at 30 and 60 mm. 
d to | | (normal), 
ified 65.8 |71.15) 5.35) 6.04) Separated serum saturated at 30 and 60 mm. 
1 at | | (after bicarbonate injection). 
16A |56.9 |65.9 | 9.0 | 7.43) Separated serum saturated at 30 and 60 mm. 
re- | . (normal). 
63.8 |71.75| 7.95) 6.66, Separated serum saturated at 30 and 60 mm. 
1 to | (after bicarbonate injection). 
2 of 17 |59.8 |62.8 | 3.0 | 5.63) Separated plasma saturated at 30 and 60 mm. 
hen (pneumonia). 
18 |57.1 les. 15} 6.05) 6.76) Se Repacnted « serum saturated at 30 and 60 mm. 
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concentration. No general correlation between bicarbonate con 
tent and the magnitude of the value for (A COs, ,,) was observed 
in comparing plasmas from different subjects. 

Studies were made of the effect of changing pH and bicarbonate 
concentrations by adding lactic acid or sodium carbonate to true 
plasma or whole blood. The results of the addition of lactic 
acid may be observed in Cases 4, 6, and 7. In Cases 4 and 6, 
0.01 ee. of concentrated lactic acid was added to 12 cc. of 30 mm. 
true plasma. The slopes of the unmodified and the acidified 
separated plasmas were determined. In Case 7, 36 ce. of 
whole blood were centrifuged and 0.04 cc. of concentrated lactic 
acid was added to the supernatant plasma. The cells and plasma 
were mixed again. Another sample of the same blood was treated 
in like manner, except that 0.04 cc. of distilled water was added 
instead of the acid in order to make the control of the same dilution 
as the acidified sample. 30 mm. true plasmas of both samples 
were obtained, then the plasma of each was separated and saturated 
at 60 mm. The effects of the addition of lactic acid are not 
consistent. In Case 7 its addition (to true serum) causes 
a decrease in (A COs, ,,); in Case 4 a marked increase. In 
Case 7 its addition to whole blood causes an appreciable fall in 
(A COs, ..). The effects of the addition of sodium carbonate may 
be observed in Case 5. 5 mg. of sodium carbonate were added 
to 15 ec. of 30 mm. true plasma; the effect on (A COs, ,,) was 
hardly appreciable. 

The addition of lactic acid or sodium carbonate to whole blood 
or true plasma produces changes other than simple alteration of 
bicarbonate concentration. The addition of a non-volatile, non- 
buffering acid such as lactic to true serum is not comparable to 
lowering the pH by increasing carbon dioxide. The former causes 
a decreased pH, but carbon dioxide is also decreased. The 
addition of lactic acid to whole blood undoubtedly entails a read- 
justment of bicarbonate and chloride distribution between cells 
and plasma. The addition of sodium carbonate to true serum 
increases bicarbonate, increases pH, and introduces still another 
variable because it increases base concentration. 

The response to in vivo alterations of acid-base equilibrium 
was also studied, with no more consistent results. The separated 
serum slope of one normal individual (Case 14) after oxygen-want 
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is decreased, that of another (Case 15) is increased. There are 
two experiments on one normal (Cases 16 and 16A) where the 
slope was determined before and after bicarbonate injection. 
There was a drop of about 1 volume per cent of carbon dioxide in 
both experiments. Of course the response to bicarbonate is 
hardly comparable to the effects of the in vitro addition of the salt 
to true serum. In the one case, extravascular changes alter the 
whole ionic equilibrium of the cells and serum. In the case of the 
in vitro addition of the salt to true serum, all the base added 
remains in the serum, and there are no cross membrane redistribu- 
tions to affect the results. 

In a limited number of cases, data on cell volume, oxygen 
capacity, serum sodium chloride, true plasma slope, and protein 
content were secured. Since the variations in (A COs, ,,) seem 
to have no relation to variations in any one of these components, 
the results are not given. The number of variables is so large in 
proportion to the number of experiments that any relation to one 
component might well be obscured by variations of the others. 
It is, for example, hardly conceivable that protein concentration 
should be without influence on the grade of the slope; but protein 
content, in the sera of different individuals, does not seem to be 
correlated with the value for (A COz,, ,.). If, however, the paired 
Cases 13 and 13A, 14, 15, 16 and 16A are considered, it may be 
observed that for any one case (A COz»,,,,) varies in the same 
direction as, but not in quantitative proportion to, the protein 
content. In other words, where the other constituents of a serum 
may be assumed to be approximately the same, as in the case of 
the serum of any one individual, protein content does qualitatively 
influence (A COz,, ,,); the failure to secure quantitative correlation 


“60-3 


is probably due to changes in constituents other than protein. 


SUMMARY. 


1. A gasometric technique for the determination of pH in 
serum or plasma is described. This method is capable of wider 
application; and is more accurate than the colorimetric methods 
of Cullen and of Hastings and Sendroy and is less complicated than 
the combination colorimetric and gasometric method described by 
Austin, Stadie, and Robinson. 
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2. The method consists in determining the carbon dioxide con- 
tent of serum from blood drawn and centrifuged without air con- 
tact. Other samples of the separated serum are saturated at 
two different carbon dioxide tensions (one on either side of the 
content point). The saturated sera are also analyzed for carbon 
dioxide. By means of the logarithmic pH chart described else- 
where the carbon dioxide absorption curve is constructed and on 
this the carbon dioxide content of the unknown blood is located. 
pH can then be read off directly or can be mathematically calcu- 
lated by means of formule. 

3. A less accurate method, which, however, possesses the ad- 
vantage of requiring less serum is described. In this method 
only one point is used for the estimation of the CO. absorption 
curve. 

4. The determinants of the separated serum slope are dis- 
cussed. Bicarbonate and protein were the only constituents 
investigated which had a demonstrable effect on the value for 
(A COs,,,,), Which seemed to vary in the same direction as these 
constituents. 
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ACTIVITY IN PROTEIN SOLUTIONS. 
I. INERT GASES. THE QUESTION OF HYDRATION.* 


By JAMES L. STODDARD. 


(From the Chemical Laboratory of the Massachusetts General Hospital, 
Boston.) 


(Received for publication, September 8, 1926.) 
INTRODUCTION. 


This paper is part of an attempt to determine activities in pro- 
tein solutions, and their possible relation to the question of hydra- 
tion of proteins. Here are detailed experiments on one of the 
simplest cases—the solubility of an inert gas in a pure protein 
solution—and the results are discussed in the light of other work on 
gas solubility in solutions. 


I. Previous Attempts to Determine Hydration from Gas Solubility. 
1. Philip. 


The solubility of hydrogen in solutions of electrolytes and non- 
electrolytes was considered by Philip. From the solubility of the 
gas per liter of solution and the amount of water per liter of solu- 
tion he calculated the solubility of the gas per liter of water in the 
solution. The difference between this figure and the solubility in 
pure water divided by the solubility in pure water was considered 
to give the fraction of water “bound.” From this was calculated 
the water bound per molecule of solute. The following equations 
were formulated from the examples given in his paper: 


mis ee 
mse 8 = = re noe 


Let a = solubility of gas in cc. per liter of solution. 
“ dy = “ ae “ sé ec “ec “ ‘cc pure water. 
dus = - nee = SS ee eee. 





* Construction of apparatus aided by a grant from the Proctor Fund, 
Harvard Medical School. 
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Let w = per cent of water in solution (per 100 gm. of solution 
“ Wee = * rT 3 “ “ ‘“ “ “ 100 ce. “ “ 
“ 8 a “ “ solute “ “ “ 100 gm. “ “ 
“ See = * “ “ “ “ “ “ 100 ce. “ 
“ D = density of solution. 
“ M. = molecular weight of water. 
“« M, = as “ “ solute. 
“ uw, = fraction of water bound. 
Then XD = 8 we X wx M, Is | 
~ - = mois bounc er mo 
(100 x D) — See = Wee 8 X Mu ' 
of solute. 
100 X a 
ee & Cus 
Wee 
Aw — Aws 
—_—_——"_ = Wp 
aw 


Philip found hydration in sucrose solutions as follows: 


Per cent of sucrose Mols of water of 
by weight. hydration per 
mol of sucrose. 

16.67 6.5 

30.08 6.0 

47 .65 5.4 


Small errors are apparent in Philip’s figures. His data are 
stated to be from Knopf, but actually are from Gordon, and apply 
to solubility at 15°C. instead of 20°C. The. correction of this 
error does not materially change the results. 

These figures for the hydration of sucrose seem to check fairly 
well with other methods of calculation. Philip also gives data for 
chloral hydrate, KCl, and several inorganic substances, with cal- 
culated hydration in each instance. 


2. MacArthur. 
MacArthur, using Os, carried out similar experiments and caleu- 
lations. His experiments with sucrose were nullified by reaction of 
the oxygen with the sucrose. 


38. Lewis and Associates. 


Lately Lewis has used a similar calculation to determine the 
relation of activity to hydration. He worked with 0.1 Nn and 
0.5 N KCl and H+ from 0.1 nN HCl by means of cells with trans- 
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port. The H* measurements checked with direct E.M.F. meas- 
urements with the hydrogen electrode. 

These experiments gave some very interesting results. KCl 
showed an activity equal to that calculated from the amount of 
water in the solution, without assuming any hydration of the su- 
crose. The H+ showed greatly increased activity, in 60 per cent 
sucrose amounting to over twice the activity of KCl. Later ex- 
periments with HCl by the potentiometer method in the cell 


n calomel electrode | saturated KCl |0.1nN HCl: sucrose | H: | 


gave an increase in activity of H+, only about two-thirds of which 
could be accounted for by the decrease in the water due to the 
presence of the sucrose, even assuming 4 mols hydration. After 
a still further allowance for increased activity calculated from the 
heat of dilution, the activity still remained greater than calculated, 
as is evident from the following figures: 


Concentration of aH relative. aH calculated. 
sucrose. Mols 
per liter. 
0 1.00 1.00 
0.877 1.74 1.44 
1.755 3.00 2.34 
2.047 3.60 2.89 


According to Lewis, only by assuming greater ionization of the 
HCl, for which there is no evidence, could the calculated figures 
be made to check with the observed. 

Experiments on the activity of H+ from acetic acid in sucrose 
solutions led to the conclusion that the observed increase in activ- 
ity could be accounted for by assuming an hydration of 4H,O 
for the sucrose, of 3H:O for the acetic acid, and no increase in 
ionization of the acetic acid in the presence of the sucrose. The 
latter assumption, of course, is scarcely harmonious with the as- 
sumption of an increase in ionization of the HCl in the presence 
of the sucrose. 

Ba++ in BaCl, was found to have an activity accounted for by 
allowing for a decrease in water due to the sucrose, but assuming 
no hydration of the sucrose whatever. 

Studies on the activity of H+ from HCl in causing the conversion 
of hydroxyvaleric acid into valerolactone resulted in conclusions 
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that the hydroxyvaleric acid molecule is not soluble in the appar- 
ent water of hydration of the sucrose while it is in the water of 
hydration of KCl or LiCl. H+, however, was not soluble in the 
water of hydration of any of these. 

Thus the study of activities has led to puzzling results, when the 
authors tried to interpret them from the foregoing point of view. 
Many other papers of similar nature cannot be entered into here, 


4. Source of Error in Foregoing Calculations of Hydration. 


Even a short consideration of such methods of calculation seems 
to show a lack of appreciation of a factor which is obviously of 
theoretical importance, and can be proved in other simpler cases 
to be of practical importance. 

The following hypothetical case will show the point involved: 
Suppose we determine the activity of a perfect gas “‘g”’ in a solu- 
tion of two miscible liquids showing no heat effect or volume 
change on mixing, and designated as 1; and . Let the solubility 
of the gas in |, be twice its solubility inl. Ifin any given cases 
one calculates the pressures necessary to bring the solubilities 
back to some constant figure as standard, the pressures will be in 
inverse relation to the solubilities. The relative activity com- 
pared to that in the standard will be in direct proportion to the 
pressure, so that the relative activities will be in inverse relation 
to the relative solubilities. In this case, for convenience, the 
activity in the component giving the greatest solubility will be 
chosen as the standard, or/,. Take for example 100 cc. of a 50 per 
cent mixture of the components. 


If solubility in 2; = a, 
then “ “ d, = 2a. 
= ons . a 
In 50 ce. of lz the solubility is =e 
“ec 50 ae ce l, “ “ “ce a 
: : 3a 
“7° “ mister * a . 
5 : 3a 3 
«700% “ as . . relative to that inl, = — + 2a =- 
2 4 
ee 4 
“ 100 “ rT) “ “ sectivity “ “ “ “ Li se aes 
‘ 3 
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By the methods in the literature the calculated activity rela- 
tive to 1, as solvent would be as follows: 


In 50 cc. of i, the solubility is a. 
“ 100 “ “ a 50 per cent mixture the relative solubility is a + 2a = 3 


“ 100 “6 «50 “ “ “ “c “ activity = a 


Thus, allowing for solubility in both constituents results in a 
calculated activity 4 + 2 = 2 of that calculated by the other 
method. 

This proves that theoretically great allowances may have to 
be made in many cases for solubility or activity in the solute as 
well as in the solvent. 

If the activity of ¢ were found to be the observed activity, then 
the calculation by the methods in the literature, giving an activity 
of 2, would, by the reasoning in the literature, necessitate a large 
negative hydration. Examples of this in actual cases will be given 
later. Solubility in the solute will always act to diminish any 
“hydration” which may otherwise be apparent, and cannot be 
neglected as a factor unless proved in some way to be negligible. 
It is probably unimportant in the case of the solubility of Hy» in 
sucrose or inorganic salts, but there are other difficulties in the way 
of Philip’s reasoning from gas solubility to hydration, which will 
be explained later. 

Whether ions may not have an important solubility in sucrose 
is not known, and it seems possible that part of the discrepancies 
noted by Lewis may be explained by different solubilities of the 
third component in the solute, rather than in a hypothetical water 
of hydration. 

Since the observed activity of Lewis for the third constituent 
giving the greatest activity (7.e., H+) is too great for the calculated 
activity, it would be necessary to assume a greater hydration than 
4 for sucrose, even with zero solubility for H+ in sucrose, or else 
to conclude that further factors enter in. Therefore the follow- 
ing analysis was made of the relation of activity to hydration. 
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II. Activity and Hydration. 
1. What Is Meant by Hydration. 


The term “hydration” or in a broader sense “solvation” seems 
to be used to cover cases similar to the following: (a) Definite 
compound formation, the compounds being capable of isolation: 
(b) definite compound formation, the compounds being incapable 
of isolation; (c) indefinite compound formation—a sort of attrac- 
tion and holding of water by the solute; (d) “adsorption” of 

yater by the solute. 

The variety under (c) offers difficulties. It would appear to be 
identical with an increased internal pressure, which means an 
increased attractive force between the solute and solvent. Sup- 





pose in another case the internal pressure decreases, as it sometimes 
does, then we must call it ‘negative hydration” or else discard this 
definition of hydration. The latter course will be adopted here. 

As far as relations in solution go, the question of the possibility 
of isolating the compound does not enter in, so that (a) and (b) 
may be considered together. The variety (d) is merely compound 
formation on surfaces of the solute, and would differ from (a) 
only in quantitative relation to concentration. Since this will 
be largely neglected in this paper, it may be put under (a). 

This reduces “hydration” for present purposes to: definite 
compound formation between solute and solvent. 


2. Factors in Activity of a Third Component in Solutions of Two 
Components. 


a. Composition of the solution. 

b. Solubility in the amount of each pure component present. 

c. Change in its solubility in the solution from that calculated 
from the composition on account of: (1) Interaction of the com- 
ponents, forming compounds (solvates): (a) Thus diminishing the 
amounts of the components uncombined, and decreasing the solu- 
bility over that calculated for a mixture; (b) necessitating con- 
sideration of solubility in the compound formed (on account of 
changes of polarity, ete.) ; (c) changing the internal pressure of the 
solution over that due to simple mixing on account of different 
attractive power of the compound; (d) necessitating consideration 
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of solubility in the water of hydration. (2) Interaction of the 
components, changing the internal pressure over that calculated 
for the mixture, without forming definite compounds. (3) Asso- 
ciation or dissociation or depolymerization of one or both of the 
components: (a) Changing the number of mols (or ions); (0b) 
changing the solubility of the third component in the altered com- 
ponent per mol, on account of altered polarity, internal pressure, 
electrical attraction, etc.; (c) changing the internal pressure of the 
solution. (4) Interaction of the components, changing their 
polarity, without forming definite compounds. (5) Adsorption 
of the third component by one of the components. 


8. Relation of Activity Changes to Hydration. 


It is evident from this outline of obviously possible interrelations 
between activity and hydration, that most of them are never con- 
sidered at all. It is also evident that it will be a difficult task in 
any given case to determine the presence of solvation, and still 
more so to get a definite figure for its degree, from any determina- 
tions of activity alone, until the problem has been simplified. 
In Philip’s examples, for instance, the internal pressure of sucrose 
is not known, nor the internal pressure of the solutions. If the 
internal pressure of sucrose is high, its mere presence would prob- 
ably increase the internal pressure of the solution and lower the 
solubility of He. There is a further possibility that the internal 
pressure of the solution may be increased beyond that due to simple 
mixing, with a further reduction of solubility. These corrections 
may entirely account for the lowered gas solubility, without any 
hypothesis of hydration. 

On account of the complexity of the problem, all that will be 
attempted here will be an elimination of minor factors; a bringing 
to prominence of what appears to be the major factors; and, in 
general, a qualitative consideration. 


4. Simplification of the Relation of Activity to Hydration. 


Special Cases. 
The problem was attacked in the first place by choosing such 
conditions that as many factors as possible would be eliminated. 
Suppose ‘‘a”’ and “‘b” to be known, as it is easily possible to arrange 
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for. If two-phase systems are left aside, ‘“‘c (5),” or adsorption, ig 
out of consideration. If the third component is inert, “‘c (4),” or 
the influence of changes of polarity, is reduced to a minimum. 
Further, if the third component has an internal pressure far from 
that of the solution components, the relation of internal pressures 
is simplified. These considerations led to the choice of an 
inert gas as the third component. Other reasons for this choice 
are that it is soluble in such small amounts that, together with 
its inertness, the effect on the solution will be practically in- 
finitesimal. 

There are left factors (1), (2), and (3). Suppose we can estimate 
roughly the change in internal pressure by means of surface tension 
measurements, for instance, then factors (1) (c), (3) (c), and (2) 
become known as a summated effect, although not separately, 
Suppose further that the solutions are chosen to eliminate dis- 
sociation. 

In the case of water solutions Richards has given us a means of 
dealing with the polymerization changes in the water. These he 
estimates as about 2.8 per cent of the gm. of water present for the 
addition of each mol of solute. The following calculation gives 
the change in solubility due to the change in the number of mols 
of water. 


Per Cent Change in No. of Mols of Water Due to Addition of 1 Mol 
of Solute at 20°C. 








j 
Per cent 




















(H20)2 ne Sem. of | H:0 per 100 gm. of water. | Total mols. | Gap in change. 
Before addition of solute. 
gm. } mols | gm, mols | 
28 0.777 | 72 | 4.0 4.77 | 
After addition of solute. 
25.2 | 0.70 as | 415 | 4.85 | 008 | 1,7 





Therefore if the change in activity in a 1.0 m water solution is 
much greater than that calculated for a 1.7 per cent change in the 
number of mols of water present, the factor due to depolymeriza- 
tion of the water can be assigned a place as a modifying factor 
only. 
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The factors now left are: (1) (a) Decrease in solubility due to 
formation of a compound reducing the number of mols; (1) (0) 
solubility in the compound; (1) (d) solubility in the water of 
hydration; (3) depolymerization of any component but water (a) 
changing the number of mols, (b) changing the solubility per mol. 

This may be simplified further by assuming that the solubility 
in the compound is not much different than in the components, 
and that the solubility in the water of hydration is taken care of by 
this factor of solubility in the compound formed. These seem 
conservative assumptions for purposes of qualitative considera- 
tion. Let us make a similar assumption abcut solubility in the 
depolymerized component. 

The net result of the analysis for the special case is: 


Known quantitatively: 

Composition of the solution. 

Solubility in each pure component. 

Depolymerization of water. 

Known roughly: 
Change in internal pressure. 
Unknown: 

Formation of a solvate, decreasing the solubility as 
far as the reduction in the number of mols is con- 
cerned. 

Depolymerization of solute, increasing the solubility 
as far as the number of mols is concerned. 


Therefore it appears probable that if we have a solution of an 
inert third component in a mixture of non-dissociated liquids, 
and find a decrease in solubility over that calculated for the mix- 
ture so large that it cannot be accounted for by the change in 
internal pressure (especially if the change in internal pressure is 
in the wrong direction) we can say it is not due to depolymeriza- 
tion, for this would increase the solubility, but it must be due to 
the formation of a compound. 

If we have a decrease in solubility consistent with an increase in 
internal pressure, there may or may not be solvation. 

In either case depolymerization may also be present, tending to 
diminish the apparent amount of compound formed. 

An increase in solubility with no decrease or an increase in 
internal pressure would indicate depolymerization. 
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Further light might be thrown on the situation by considering 
the volume change on mixing the components. Since solvation 
means that the affinities between the components are greater 
than between the molecules of either component, the formation of 
a solvate would result in a contraction in volume which might not 
be accompanied by an increase in internal pressure of the solution 
as a whole. It may be well to state here that by “internal pres- 
sure’ is meant intermolecular attractive force. It is evident 
that it is changes in the force holding the molecules together in 
the solution which will be important in causing deviations in solu- 
bility. On account of high chemical affinity between the solution 
components, a compound may be formed with contraction in 
volume and decrease of compressibility, but, after it is formed, 
the affinities of the components making it up will be relatively 
satisfied, and less free to attract other molecules. Hence one 
would expect a tendency to a decrease, probably slight, of inter- 
molecular attraction in the case of solvate formation. 

A contraction of volume would also result from an increase in 
internal pressure over that due to simple mixing, with decreased 
solubility. 

Depolymerization with decrease in volume, as in the case of 
water, would cause increased solubility, unless the depolymerized 
water has a higher internal pressure. This latter appears probable, 
in which case here too there would be contraction in volume and a 
decrease in solubility, or a neutralization of the increase due to the 
greater number of mols. 

In general, then, contraction in volume would mean decreased 
solubility of a third component of low internal pressure. 

An expansion would mean a decrease in internal pressure, or 
depolymerization with expansion, as in the case of aleohol. Here 
it seems probable that the depolymerized molecules would have less 
internal pressure, which would give an increase in solubility. 

Richards gives besides the forces of attraction, and depolymeri- 
zation, the compressibilities of the substances as a factor in the 
amount of volume change. In relation to the solubility of an 
inert gas, this factor has less importance than at first appears. 
Suppose, for instance, there is a certain volume change A in the 
case of two substances both of high internal pressure and therefore 
relatively incompressible, and the same change A in the case of 
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two others both of low internal pressure. In the first case there 
would undoubtedly be a greater force of affinity involved, and a 
greater increase in internal pressure (in absolute amount), but 
this increase would be on a higher internal pressure to begin with, 
so that the result in both cases would tend to be a per cent increase 
in internal pressure of the same magnitude. It is the per cent 
increase that is important in affecting the activity. 

Conclusion.—The following are the main possibilities with the 
corresponding changes in the factors from those calculated for 
mixtures: (1) Increased internal pressure, contraction of volume, 
decreased solubility. (2) Solvation, contraction of volume, 
decreased solubility, internal pressure about same. (3) Solvation, 
contraction of volume, decreased solubility, internal pressure 
decreased but not enough to counteract decreased solubility. 
(4) Solvation, contraction of volume, decreased solubility, internal 
pressure increased. (5) Depolymerization, contraction of vol- 
ume, decreased solubility, internal pressure increased. (6) 
Depolymerization, contraction of volume, increased solubility, 
internal pressure about same. (7) Depolymerization, contrac- 
tion of volume, increased solubility, internal pressure decreased. 
(8) Solvation, contraction of volume, increased solubility, internal 
pressure much decreased. 

Evidently varieties (2) and (3) can be distinguished, but (4) 
cannot be told from (1) or (5), but as stated above, probably (6) 
and (7) do not occur. 

The tabulation for expansion of volume is omitted. 


III. Correlation between Activity and Volume Changes in 
Solutions. 


1. In order to test the probable relation between volume change 
and activity, the activities of inert gases in solutions of miscible 
organic liquids were calculated. The ratio of the activity ob- 
served to the activity calculated from the solubility in the pure 
components was compared to the ratio of the volume of the solu- 
tion calculated from the amounts and densities of the pure com- 
ponents to the volume observed; 7.e., the correlation between 
activity observed volume calculated ,, 7 

= and — ——_———-. The term “inert 
activity calculated volume observed 
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gas’’ is here used to indicate a gas of low internal pressure and 
polarity which is inert as far as chemical activity in the solutions in 
question is concerned. Sulfuric acid has been included in the 
solutions, the calculations being made on the basis of complete 
dissociation. 

2. Raoult’s Law.—It is evident from I (4) that Raoult’s law is 
of little use in considering solutions from this point of view. When 
we calculate the solubility in the amount of the pure component 
present we do actually include all that we should have if we used 
Raoult’s law, and in addition we allow for the solubility in the pure 
components. In other words, deviations in activity from the mix- 
ture law are studied rather than deviations from Raoult’s law. 

8. Methods of Calculation.—It is considered that in comparison 
with experimental errors in determining gas solubility, errors due 
to omission of corrections of deviations of the gases from the per- 
fect gas law will be negligible for the small variations in pressures 
involved in calculating solubilities to a standard. It will make no 
difference whether the Bunsen coefficient is used or the Ostwald, 
provided the same one is used in calculating both parts of the 
ratio. 

The volume changes are calculated from the densities of the pure 
components, and the composition and density of the solution. 

In considering the data and charts it must be remembered that 
the determinations of gas solubility in many cases do not have a 
high degree of accuracy. The density figures are of greater accu- 
racy, but much smaller variations need to be considered. The 
volume ratio has been plotted on a different scale from the activity 
ratio, for both theoretical and practical reasons. In the case of 
each kind of solution the volume change has been calculated for 
one temperature only. In some cases the solubilities by different 
workers vary over a small] temperature range. It is possible that 
calculations of volume change for each temperature would show 
a closer correlation. 

The data are given in two parts: (a) where they are apparently 
satisfactory, (b) where they are not entirely satisfactory. The 
latter cases are those where densities at the same temperature 
as the gas solubilities were unobtainable. This introduces an 
error into the gas activity calculations. Where the temperature 
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difference is not over 5°C. it is believed that it only slightly 
modifies the results. 

4. Data on Correlation between Activity and Volume Changes in 
Solutions. (See Tables I to XVI and Charts I to XV.)—In each 
case weight per cent means gm. per 100 gm. of solution. Except 
where otherwise indicated on the chart, the volume ratio is given 
as a dotted line with X for the points. \ in the tables means 
the Ostwald absorption coefficient, and B the Bunsen coeffi- 
cient referred to the volume of the solution. (Sometimes the 
Bunsen coefficient is used to refer to the weight of solution.) 
Activity observed volume calculated 
imate seats and ——_——_._—__. 
Activity calculated volume observed 
and volume ratios respectively. 

5. Discussion of Data. Glycerol-Water Solutions (Tables I to V, 
Charts I to 1V).—The activity ratios of H;, and Ne calculated from 
the solubility data of Muller, Drucker, and von Hammel, are 
shown in Charts I andII. (Each curve is plotted with the initial 
of the experimenter for the points.) In spite of variations in the 
degree of inflexion of the curves, depending on the experimenter, 
there is general parallelism of the curves. The activity ratios 
of O2 and COs, given in Tables IV and V, but not charted, show 
similar curves. The activity ratio curves are as a whole parallel 
to the volume ratio curve, with the exception of the maximum 
point, which is at 57.5 per cent for the volume ratio and about 66 
to 70 per cent for the activity ratios. 

In Chart I a curve is given showing the volume curve corrected 
for the effect due to the depolymerization of water according to 
Richard’s conclusions. That is, the curve shows the volume change 
omitting that due to depolymerization. The maximum shifts 
from 57.5 to 60 per cent, thus bringing it nearer to the activity 
ratio curve. There is probably a considerable increase in internal 
pressure in the solutions, which would increase the depolymeriza- 
tion, thus bringing the maximum still nearer the activity ratio 
maximum. 

Correction of the activity figures for the increase in solubility 
due to the increase in number of mols from depolymerization would 
not greatly affect the ratio. Ina 50 per cent solution, for instance, 
solubilities in the amounts of glycerol and water present are about 
equal. An 0.85 per cent change in solubility in the water (this is 


refer to the activity 
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the amount due to depolymerization from the addition of 3 mol 
of solute) would make a change of only about 0.43 per cent in 
the activity and its ratio. The lowest activity ratio of the various 
observers for this concentration was 25.2 per cent above 1.00, 
Correction of the gas activity curve for this effect would tend to 
throw the lower part of the curve further to the right and lower 
the maximum, thus bringing it closer to the volume ratio. 

The variation in the degree of inflexion of the curves with differ- 
ent experimenters may depend on errors which are constant for 
each experimenter. If so, it would be worth while to compare the 
results with different gases for each experimenter separately. 
Such comparison shows that the degree of inflexion is greater the 
less the solubility of the gas, with the exception of Oe, whichis not 
too far out of place to be the result of experimental error. 

Chart III shows the activity ratio calculated on the basis of the 
total water present. The great divergence begins in concentra- 
tions over 50 per cent. 

Chart IV demonstrates that calculation of “hydration’’ by the 
method of Philip, etc., gives a negative hydration in the higher 
concentrations even in the case of such a mixture as this with 
greatly decreased gas solubility. In solutions where there is less 
of a decrease in solubility the negative hydration would be more 
marked, and it would be present in all concentrations where the 
solubility in the added component is greater than in the “solvent” 
and the internal pressure is the same or decreased. 

Charts V to VII and Tables VI to VIII give the activity and 
volume ratios of CO in three mixtures of organic liquids. There 
is general correlation in the ratios. It is of interest that in Charts 
V and VI there is expansion of volume and increase of solubility. 
Increased solubility in solution does not necessarily mean 
adsorption. 

Chart VIII and Tables IX and X show the activity ratios of 
CO and He in alcohol-water mixtures. There are technical dif- 
ficulties in these gas solubility determinations, and the curves are 
evidently crude. The direction of variation is the same how- 
ever. The maximum of the activity ratio is lower than of the 
volume ratio. 

Chart IX and Table XI show an extremely close correlation 
between the activity ratio calculated from the solubility of Ne in 
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H.SO, by Bohr and the volume ratio. Chart X and Tables XI 
and XII give ratios for N2 and H, from figures by Christoff. 
The correlation is not as close and the maximum is slightly lower 
for the activity ratio, but there is general parallelism. 

Chart XI and Table XIII, of the ratios of CO in ethyl alcohol- 
benzene mixtures, are of considerable interest. Both curves shift 
from one side to the other of 1.00, on account of an expansion 
of volume in the lower concentrations and a contraction in the 
higher ones. 

Charts XII to XV and Tables XIV to XVII include the solutions 
where the densities used for the gas activity calculations were for 
a different temperature. ‘The first two solutions show correlation 
of the ratios, but the last two show definite lack of correlation. 
Whether this is due to the fact that the densities are 9°C. different 
cannot be stated. 

Conclusion.—The activity ratios of gases of low internal pressure 
and polarity in a variety of mixtures of organic liquids, and in 
one inorganic liquid mixture where complete ionization is assumed, 
show a general tendency to vary with the corresponding volume 
ratios. The degree of inflexion of the curves may not be the same, 
but they are in general parallel. In certain cases where the 
maxima are not coincident, a closer correlation is obtained by 
estimating the effect on volume change due to depolymerization 
of water, and subtracting this from the total volume change. 


IV. Internal Pressure Changes in Relation to Data of Part ITI. 


The surface tension was chosen as an indication of the trend of 
internal pressure changes. Various authors have attempted to 
estimate the actual amount of internal pressure from the surface 
tension. There are several objections to these calculations. The 
surface tension decreases as the substance of lower surface tension 
concentrates in the surface, so that only values made instantane- 
ously on a perfectly fresh surface would be acceptable. The 
surface tension does not accurately represent intermolecular 
attractions in the interior of the liquid, in many cases, because 
polar groups tend to gather in the surface layer, giving an attrac- 
tive force not representative of the molecule as a whole. Further, 
some of the equations calculate the absolute attractive force, 
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allowing for the distance between molecules, while what is desired 
in questions of solubility is not the absolute attractive force 
between two molecules, but the attractive force that exists be- 
tween the molecules at the distance at which they are placed in 
the liquid. 

Surface tension as ordinarily calculated is per unit length and 
varies with the length in direct ratio. To get the force in terms of 
attraction between a pair of molecules in the surface, the surface 
tension should be divided by the number of molecules per unit 
length or the cube root of the number of molecules per unit volume. 
This figure has been used in the following calculations and termed 
the surface tension per mol. 

Chart XVI shows the solubility per mol of Ne in H:SO, (from 
Bohr’s figures) plotted against the surface tension and the surface 
tension per mol. There is a considerably closer relation between 
the solubility per mol and the surface tension per mol. Devia- 
tions from the mixture law are shown in such a plot by deviations 
from a straight line between the pure components. Here increased 
internal pressure goes with decreased solubility. The maximum 
of the internal pressure curve, however, is at about 53 per cent, 
while the maximum of the decrease in solubility is at about 77 per 
cent. According to the previous analysis this decrease in solubil- 
ity from the 53 per cent concentration to the 77 per cent while the 
internal pressure is decreasing shows solvate formation. The 
contraction in volume continues over this same range. It does not 
seem likely that at this concentration the errors previously men- 
tioned as possibilities in surface tension deductions would be at 
all large. Correction for depolymerization would affect the solu- 
bility per mol and the surface tension per mol curves equally. 

A similar relation is apparent in the first part of the curve be- 
tween 0 and 6 per cent. In these solutions the tendency would be 
for a decrease in concentration in the surface, and this would be 
more. apparent in the lower concentrations. The result would be 
to decrease the effect of the solute on surface tension, thus making 
a smaller increase in surface tension than one would expect. 
Hence the lack of increase in surface tension in the more dilute 
solutions. Contraction in volume is as marked here as decrease 
in solubility. Therefore solvate formation is probable. 

The conclusion from the whole curve is that there is solvate 
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formation throughout, but that in low concentrations not enough 
solute has been added to affect the internal pressure of the solution 
asa whole. In concentrations from about 6 to 53 per cent there is 
increase both in internal pressure and solvate formation on account 
of the large amount of solute present, only part of which is com- 
bined, while from 53 to 77 per cent solvate formation is extensive 
enough to use up a large part of the added solute and prevent a 
further increase in internal pressure. 

Chart XVII shows plots for chloroform-acetone solutions. The 
surface tension per mol curve and the solubility per mol curve run 
in the same direction except for the terminal portions which may 
be due to experimental errors, since the surface tension figures 
appear to be of low accuracy. 

Chart XVIII gives curves for alcohol-water solutions. Up to 
about 30 per cent the solubility per mol decreases while the sur- 
face tension per mol decreases, and decreases more than would 
result from simple mixing. No errors of the kind discussed would 
affect the direction of the internal pressure change deduced from 
the surface tension where the change is so marked as this. From 
Chart VIII it is seen that contraction in volume is marked over 
this range. The conclusion is that solvate formation is marked. 
Apparently cases like this show rather definitely that internal 
pressure does not, by any means, necessarily increase when there 
is contraction in volume. 

From 30 to 50 per cent there is further contraction in volume, 
increase in solubility, and decrease of surface tension. ‘The con- 
traction in volume coincident with a decrease in surface tension is 
scarcely compatible with any other explanation than solvate 
formation. The decrease in internal pressure is great enough to 
counteract the decreased solubility due to solvate formation. 
From 50 to 100 per cent there is little change in the surface ten- 
sion, but a very marked increase in solubility. The volume is 
expanding. According to the analysis, this indicates decreasing 
amounts of solvate. 

Conclusion.—Consideration of surface tension, volume, and 
solubility changes in sulfuric acid and alcohol-water solutions 
points to the existence of solvates in large amount. 
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V. Activity of Nitrogen in Protein Solutions. 


The solubility of nitrogen in pure protein solutions was deter- 
mined by means of the apparatus shown in Fig. 1. 

1. Preparations.—Blood from a healthy horse was allowed to 
flow into an iced bottle and immediately defibrinated. After 
centrifuging in iced containers the plasma was dialyzed in col- 
lodion membranes in a refrigerator, the dialyzing flasks being 
surrounded with ice. The outer liquid in some experiments 
was distilled water, in others distilled water saturated with CO,, 
The dialyzing tubes were stoppered to prevent dilution. Dialysis 
was continued until no trace of chloride was present in the outer 
liquid after 12 hours dialysis. 

The red cells were washed with 0.8 per cent NaCl three times 
(by stirring and centrifuging), then an equal volume of distilled 
water was added with stirring, then saturated NaCl to 2 per cent 
of the volume to contract the stromata, the mixture centrifuged, 
and the hemoglobin removed and dialyzed as were the plasma 
proteins. 

In some cases the plasma proteins were extracted with ether 
before dialysis in order to remove fat, etc., as far as possible. The 
fat might dissolve N2 considerably more than water. The fat 
content of this horse plasma was very low, however. After 
extraction the dissolved ether was removed by evaporation under 
the reduced pressure of a water pump. The fat then averaged 
about 55 mg. per 100 cc. and the cholesterol 30 to 70. 

After each experiment with plasma proteins in the second series 
the specific gravity was determined in a 25 cc. pycnometer, the 
refractive index with an immersion refractometer, the albumin and 
globulin by refractometer,. and the pH electrometrically. The 
density and refractometer determinations were done in the large 
water bath used for the gas experiments, at 20°C. The pH de- 
terminations were unsatisfactory, probably on account of the 
absence of inorganic ions. The readings were variable, and the 
error may be 0.1 pH either way. In the hemoglobin series and 
plasma series No. 1, pH and density determinations were omitted. 
The density and concentration were calculated from the refrac- 
tometer measurements on the basis of earlier experiments on the 
relation between concentration from dry weight (drying over CaCl 
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at 105°C. in absence of O, (by means of N2)), refractometer 
measurements, and density. 

In the earlier experiments the Ne gas was bubbled through two 
large test-tubes of pyro-NaOH to remove traces of Oo. Analysis 
showed the presence of about 0.3 per cent O2 which should make no 
perceptible difference in the figures, but in view of reports of pecu- 
liar relations of Ne solubility to the presence of Oz, the N2 was 
collected over pyro-NaQOH in a large bottle, and thereafter showed 
no trace of Os. The second series of plasma protein experiments 
done with this Ne showed a very slightly greater solubility of N» 
instead of less as expected. No difference was made in the 
hemoglobin solutions. 

2. Technique of Experiments.—The advantage of the form of 
apparatus used is that there are no empirical corrections. It 
measures the absorption of Nz by getting the difference in amount 
in the apparatus before and after shaking with a thoroughly 
evacuated liquid. 

After a satisfactory apparatus had been devised for water, great 
difficulties were experienced from foaming during extraction in the 
case of protein solutions, with loss of solution. This was over- 
come by interposing a large Kjeldahl bulb between the apparatus 
and the pump, in which the foam collected and from which it was 
periodically run back into the apparatus by gravity. The evacua- 
tion was done with an electric pump capable of a vacuum of 0.01 
mm. or less. A large bottle of CaCl, between the apparatus and 
the pump absorbed moisture. On account of rapid cooling from 
evaporation, it was necessary to put an electric stove under the 
apparatus during evacuation. The temperature never rose above 
20°C. The Kjeldahl bulb was kept iced to maintain the vacuum 
beyond it. 

All but one of the stop-cocks concerned in the vacuum about the 
liquid were mercury-sealed, and the terminal had mercury in the 
tubing on each side. The exception had mercury run through the 
bore and had been found by tests to stand a high vacuum. The 
vapor pressure of the liquid prevented the vacuum from reaching 
a high figure in the experiments. Generally it was about 3 to 5 
mm. At the end of evacuation the bulb containing the liquid 
was completely filled by drawing in mercury from below while 
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the vacuum was still on, thus avoiding any possibility of 


leakage. 


After about ? of an hour’s shaking and evacuation, the maximum 
gas solubility was obtained with plasma proteins, but hemoglobin 


took about 14 hours. 


3. Description and Use of Apparatus.—Bulb C is filled with 
mercury drawn up through tube 8 to level 9. Mercury is run 


























Fia. 1. 


through bore of 4 through tube 10. Solution is drawn in through 
tube 7 and bulb A to fill bulb B to level z. (Bulb B holds 63.775 
cc. counting space in tubing to stop-cocks.) The solution is 
allowed to flow back into A by gravity, so that both bulbs are 
about half full, allowing room for shaking. The Kjeldahl bulb 
and pump are attached at 7. Stop-cock 1 is opened, with 4 and 
3 closed. Evacuation and shaking are then started and continued 
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as above. When completed, the apparatus is tipped up, with the 
yacuum still on, so that all the solution except enough to fill tube 
11 to level y is in bulb B. 2 is then closed. Tip 8 (already full 
of mercury, and with a protruding drop of mercury put on the 
tip) is then dipped into a beaker of mercury, and mercury is drawn 
up until B is full. Then 1 is closed and 3, the pump is detached, 
and 2 is opened. This relieves all vacuum on the evacuated fluid, 
which is protected by mercury in 11. Solution from B is then 
drawn just through 4, and 4 closed. 

Tube 10 is then connected with a three-way stop-cock leading 
to the pump and the gas supply. Liquid in the manometer is 
drawn to 5. G is half filled with mercury, and 13 to level 14. 
There is a thin layer of water on top of the mercury. Bulb D 
and the tubing space to 4 and 5 are then alternately evacuated to 
about 15 mm. and filled with gas. Evacuation is done by rinsings 
to avoid any possibility of leakage under high vacuum, but even 
more to avoid evaporating the film of water on the mercury, which 
is necessary to saturate the gas with water vapor, although the 
gas is drawn through a water bottle at 20°C. 

4 is then closed, 5 opened, and the mercury adjusted to 14, which 
isa mark on a tube of about 1 mm. diameter. The apparatus has 
been in the constant temperature bath since the rinsings with gas 
began. Readings are now made on manometer H which contains 
water as the liquid. This enables readings to be made easily to 
less than 1 mm. without the use of any cathetometer, correspond- 
ing to about 0.074 mm. of Hg. There is no appreciable error from 
solubility of the gas in the water, on account of the small volume of 
the water (the manometer is 1 mm. tubing) and the fact that the 
water is nearly saturated to begin with. Diffusion has been shown 
to be very slow in capillary tubes. The capillarity introduces 
no error, as the pressure is empirically standardized, and at the 
end of the experiment the pressure is brought back to the same 
point. The mercury is run carefully up and down about 14 be- 
tween each two readings, by means of a Van Slyke pump attached 
to the top of G, in order to make a fresh contact of the water in the 
manometer and prevent sticking. The heavy wall rubber con- 
nection A introduces no danger of leaks, since it is never subjected 
to a change of pressure of more than a few mm. of water. 

The apparatus is now taken out of the bath, 4 is opened, and 
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mercury run out of 8 into a weighed flask, while 6 is opened to 
allow mercury to run at about the same rate into bulb D until 
about 11.9 ce. of mercury have been run out. This allows space 
enough in B for shaking. 

The apparatus is put in the bath and shaken, and more mercury 
run into D at intervals, keeping the pressure about atmospheric. 
After about 30 minutes absorption is slower, and the manometer is 
opened. 

Equilibration is continued until three readings about 10 minutes 
apart show no change in the pressure. This usually takes from 2} 
to4 hours. The solution in B is stirred very effectively by the 
mercury at the bottom. Mercury in L is then adjusted to bring 
the manometer level to the point at which the original gas volume 
was read. Careful tests showed no change in absorption with the 
apparatus at rest during these small changes of pressure. 

After equilibration, the apparatus is taken out of the bath, and 
mercury run out of 8 into a weighed flask until level in B reaches a 
mark 15. The space above this including the tubing to the cocks 
1 and 4 through the bore of 4 is calibrated. 

4. Calculation.—It is unnecessary to know the total volume of 
the gas in the apparatus, since the pressure at the end and at the 
beginning is the same and the temperature is constant. There is 
no difference of volume in the manometer. The volume change is 
measured by the change in D and L minus the mercury run out 
of 8. The apparatus was calibrated with mercury while wet with 
water, as in the experiments. The calibration was repeated at 
intervals. The pressure of absorption was calculated from the 
manometer reading, allowing for the change in pressure in the 
bulb (the whole manometer including bulb, was calibrated) due 
to rise or fall in the further limb. 


If A = original gas volume, 
“ B = final ' si 


“ pA = original pressure — v.p. of water = final pressure, 
“ pabs = pressure during equilibration — v.p. of water, 
then 
(A — B)(pA X 273) Pr = 
— — = volume of gas absorbed at 0°C. and 760 mm. = ¢ 
760 X 293 
C X 760 bs 
a 5 eee = coefficient B. 
volume of liquid  pabs 
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5. Analysis of Experimental Results. 
a. Plasma Proteins. Tables XVIII to XXV. 


1. Solubility—The solubility of Ne in water at 20°C. averages 
1.561 ec. per 100 cc. of water. In Series 1 of plasma proteins it 
was 1.5168; in Series 2, 1.5156. The average of all experiments 
was 1.516 per 100 cc. of solution. 

In Table XXIII the results are tabulated in various ways. 
The solubility in the amount of water present in the solution is 
calculated from the solubility in pure water, and the excess solu- 
bility is calculated per gm. of protein present. This figure is 
necessarily subject to considerable variation, since it depends on a 
difference in solubilities. In fact the first digit corresponds to the 
second decimal of the solubility. 

The excess solubility per gm. in each series undergoes no sig- 
nificant variation with pH. None of the so called isoelectric 
preparations was actually so by the end of the experiment, appar- 
ently on account of absorption of base from the glass. There was 
a definite difference of pH, however, between the isoelectric pre- 
parations and those which had not been dialyzed against CO,- 
saturated water. (Where the preparations were extracted with 
ether, the pH is higher, probably because of the soft glass funnel 
used in the ether extraction.) 

The excess solubility does, however, undergo a definite decrease 
after ether extraction, dropping from an average of 0.00618 for 
non-extracted to 0.00138 for extracted, in one case, and from 
0.00762 to —0.009 in the other case, where, however, there 
was only one experiment with the extracted. It seems perfectly 
reasonable that this should be the case on account of the 
well known high solubility of gases in fats and oils. This, more- 
over, very likely explains Bohr’s figures of a solubility in plasma 
about the same as in water, in spite of the NaCl. The plasmas 
used in these experiments in this paper had a very low initial fat 
content (about 250 mg.). Findlay, in experiments on the solu- 
bility of He in gelatin solutions, found a solubility of 1.94 in 1.5 
per cent gelatin and 1.83 in 5.71 per cent, compared with 1.98 
for water. In the latter solution the calculated solubility for the 
amount of water present is 1.89, thus showing a decrease in 
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solubility over that due to the water. In these solutions there 
was probably no fat-like substance present. 

Findlay thought that there is a certain amount of adsorption 
of gas in protein solutions, and recently, Conant has postulated 
adsorption of nitrogen in hemoglobin solutions in the presence 
of oxygen. However at atmospheric pressure the adsorbed gas is 
apparently relatively small compared with the total gas dissolved, 
so that we probably have only a small error here on account of 
adsorption. Besides, oxygen is absent, and adsorption is appar- 
ently very slight under such conditions. The evidence for 
adsorption in any case is not very convincing. 

In conclusion, the evidence points to a solubility in fat-free 
plasma protein solutions of 5.8 per cent concentration of about 
1.50 ce. per 100 ce. of solution compared with 1.561 for water. 
This figure is the same as that for the solubility due to the 
amount of water present, so that there is apparent no excess 
solubility due to the protein, although an excess solubility would 
be expected from internal pressure considerations taken up below. 

2. Contraction of Volume.—Table XXYV gives the volume ratio, 
calculated from the data of Chick and Martin, for serum albumin 
and globulin solutions. There is a marked contraction in volume, 
which could not be accounted for by depolymerization of water, 
even assuming the protein molecule to be of as low molecular weight 
as sucrose, for instance. 

3. Internal Pressure-—That there is a marked lowering of sur- 
face tension in plasma protein solutions seems to be evident from 
the measurements of various observers, however inaccurate the 
absolute amount of lowering may be in any individual case. This 
is corroborated by the tendency of protein to concentrate in 
surfaces. 

Henderson, in experiments on the compressibility of protein 
solutions, found about the same compressibility as in the case of 
water. Assuming for the moment that there is some relation 
between compressibility and cohesive forces between molecules in 
solution, it is apparent that when we consider these forces for 
purposes of solubility, we want the force per molecule, not the 
total force in a certain volume of solution. If the compressibility 
figures are divided by the mols present, we should get a truer 
figure, but apparently this change would not be definitely outside 
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of the errors of the determinations. In the case of extremely 
large molecules it is probable that the atoms within the molecule 
attract each other and compress the molecule, but are too far away 
from the atoms in other molecules to affect them. This would 
result in decreased compressibility of the molecule but no increase 
in attractive force between this molecule and another molecule. 
Probably this internal mass of atoms would attract the atoms on 
the surface, leaving them less free attractive force to attract other 
molecules. This is simply an extension of the idea apparently 
proved earlier in the paper, when it was found that there may occur 
contraction in volume with marked decrease in internal pressure. 
The fact that the compressibility is about the same as in the case 
of water would, then, really indicate that the cohesive forces 
between molecules are less. Thus this interpretation of compres- 
sibility agrees with surface tension deductions in giving the pro- 
tein molecules low cohesive force. Former methods of interpret- 
ing compressibility conflict with the facts of surface tension. 

A further piece of evidence for low internal pressure of the pro- 
teins is derived from the gas solubility measurements. The pre- 
vious analysis showed that contraction in volume meant decreased 
solubility over that due to the mixture law. In the case of plasma 
protein solutions, the solubility of N2 is about the same as in the 
water of the solution, in spite of a contraction in volume; therefore 
the original solubility in the pure protein must be high (and, of 
course, very high per mol), because high solubility of an inert gas 
is characteristic of substances of low internal pressure. 

The solubility of the proteins themselves in water is another 
piece of evidence in the same direction. Cohn has shown that 
the proteins, when carefully purified, are very insoluble in water, 
and extremely insoluble when the solubility is figured on a molar 
basis, which, of course, is the proper method for these purposes. 
Their internal pressure therefore should be far removed from that 
of water. We cannot assume that it is greatly higher without 
contradicting the other evidence, including the lowering of surface 
tension in solution and the concentration in surfaces. There- 
fore it must be greatly lower. 

4. Question of Hydration.—From the previous analysis contrac- 
tion in volume means either increased internal pressure or sol- 
vate formation. We have no way of telling whether the internal 
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pressure here is less than it would be on account of simple mixing, 
But we have one step in the passage from pure water to pure pro- 
tein by way of protein solutions; and if we examine the situation 
in the plasma protein solutions compared with water, we see that 
the solubility per mol (practically the same as the solubility per 
mol of water in this case) has not changed, while the internal pres- 
sure has considerably decreased. At the same time there has 
been a contraction in volume. By the same reasoning as in the 
case of the alcohol-water and sulfuric acid-water solutions this 
should mean solvate formation. The amount of solvate does not 
appear to vary with such variations of pH as could occur in human 
blood. The absolute amount of hydration cannot be estimated, 
but it will be greater in so far as adsorption accounts for part of the 
gas solubility. 

5. Significance of Hydration.—Although hydration is probably 
present, it does not have the significance usually attached to it in 
biochemical literature. In the case of substances of low internal 
pressure as solute, the decreased solubility due to the solvate is 
counteracted by the low internal pressure of the solution. The 
net result for the inert gases is the same as if there were a sub- 
stance added to the water of zero gas solubility and the same 
internal pressure as the water. 

For substances of internal pressure between the gases and the 
solution, the situation is complicated by the fact that we do not 
know the amount of solvate, so cannot say how much effect must 
be allotted to it in comparison to the internal pressure considera- 
tions. For most substances the polar groups of the protein will 
be important and may entirely neutralize the decrease in solubil- 
ity due to solvation. 

In view of the earlier analysis of the factors in activity, it seems 
entirely unsound to use the solubility of an inert gas as the measure 
of the activity of any other substances. The activity of each third 
component in protein solutions will have to be determined sepa- 
rately unless much more accurate methods of calculating solubilities 
are devised than exist at present. 


b. Hemoglobin Solutions. 


On account of lack of data as to surface tension and volume 
change, no discussion is possible of the data on solubility of N» 





XUM 


th 


th 


- a” aoe 


so ms we eo lo lo 


~~ tt te OD te eee 


xing, 
' pro- 
ation 
that 
y per 
pres- 
has 
| the 
this 
not 
man 
ted, 
the 


bly 
t in 
mal 
e is 
The 
ub- 
me 


the 
not 
ust 
ra- 
vill 


vil- 


ms 


ne 





J. L. Stoddard 655 


in hemoglobin solutions given in Table XX. It may be noted that 
there is a large excess of solubility per gm. of protein. 


SUMMARY. 


An analysis is made showing the complexity of the relations of 
the activity of a third component in a two component solution. 
Previous attempts to determine hydration from activity measure- 
ments are criticized. 

An activity ratio is suggested as a means of determining devia- 
tions of activity (or solubility) from that due to simple mixing of 
components. Comparison of this activity ratio with an analogous 
volume ratio in simple systems consisting of inert gases dissolved in 
mixtures of organic liquids shows an apparently general rule that 
deviations in activity vary in accord with deviations in volume. 
The deviations in volume, however, do not necessarily vary with 
internal pressure changes. The question of solvation is discussed 
in connection with these and other factors, and the conclusion 
reached that solvation is present in alcohol-water and sulfuric 
acid-water solutions. 

Experiments are tabulated concerning the solubility of Nz in 
pure plasma protein solutions. The solubility ordinarily obtained 
is shown to be in part dependent on the fat content. The true 
solubility is less than would be expected from other considera- 
tions. The general situation suggests the presence of solvates, 
which, however, do not vary with moderate pH differences. The 
net effect of the solvate formation on the activity of N2 is zero on 
account of other factors. 

The activity of other substances than N: cannot be identified 
with the activity of Ne, but must be determined in each case sepa- 
rately. The probability is that decreased solubility due to solvates 
will not be in evidence on account of the low internal pressure and 
the polar groups of the protein molecule. 


Conclusions as to Relationships of Proteins in Solutions and One of 
Their Functions in Biology. 


If the proteins are substances of low internal pressure, but of 
highly polar nature, with capacity to combine with water, and 
many other things, their behavior should be governed by the known 
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effects of such characteristics, which may be antagonistic in some 
cases and mutually enforcing in others. 

Solubilities of Proteins.—On account of their low internal pres- 
sure in relation to water one would expect them to be insoluble 
like the fats. They should be even more insoluble in solutions of 
higher internal pressure than water, like solutions of inorganic salts, 
Their polar groups, however, enable them to combine with water 
and thus attain a certain solubility. This solubility should be 
greatly reduced on the addition of large amounts of another sub- 
stance like alcohol which also has polar groups combining with water, 
unless of course such a substance combines with the protein. 
The solubility should be increased by dilute salt solution on ac- 
count of the polar groups combining with the ions, which are 
themselves in strongly stable solution. This increase in solubility 
one would expect to continue until the polar groups had been all 
combined. The addition of further salt should decrease the solu- 
bility by raising the internal pressure of the solution to a higher 
degree, without, of course, causing any further solubility by com- 
bination with polar groups, because these have all been satisfied. 
High degrees of salt may also dehydrate the polar groups, if the 
salt has a higher power of hydration. Apparently so far the 
theoretical consequences of the theory fit well the observed facts. 

Activities and Solubilities of Other Substances in Protein Solw- 
tions.—Remembering that the activity goes in inverse relation 
to the solubility, in order to simplify matters, the solubility only 
will be mentioned. 

Substances of much lower internal pressure than the proteins, 
such as Ne, should have a greater solubility in the protein than in 
water. As we have seen in the experimental results, this greater 
solubility is exactly offset by the solvation of the protein, so that 
the effect on the solubility of an inert gas of increasing the con- 
centration of protein in the solution would be to reduce its solubil- 
ity in proportion to the reduction in water present. If the gas 
is of a polar nature, its solubility in the protein would be greater, 
and, depending on the degree of combination with the protein, of 
course, its solubility in protein solutions would be greater than 
accounted for by the amount of water present. 

Organic substances of low internal pressure close to that of the 
proteins, like the fats and other lipoids, should be extremely soluble 
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in the proteins, and their solubility in protein solutions would 
probably be far in excess of that in water, especially when they are 
also influenced by the polar groups in the protein molecule. This 
may explain a great deal of the stabilizing effect of proteins on 
fat emulsions and the presence of lipoids in protein solutions which 
are difficult to extract with fat solvents because the proteins them- 
selves are fat solvents. The proteins and lipoids by virtue of their 
low internal pressure will tend to concentrate in surfaces, where 
their mutual solubility may be a very important factor in the 
formation of the cell membrane. 

Other organic substances of presumably lower internal pressure 
than water, such as urea, uric acid, and amino acids, should be more 
soluble in protein solutions than in water, especially where their 
polar nature enables them to combine with the protein. This may 
explain the tendency of such substances to go where the protein 
concentration is highest—for instance, why the amino acids are 
absorbed out of the blood into the muscles, or why the concentra- 
tion of urea in the red cells is about the same as in the plasma, in 
spite of the greatly reduced water content of the red cells. It 
may be of significance here that the experiments reported in this 
paper showed a much greater solubility in hemoglobin solutions 
than in plasma solutions. 

Inorganic salts, however, should be less soluble in protein solu- 
tions than in water, except as they combine with the protein. 
Since most of those present in body fluids do combine to some ex- 
tent, it is a question whether their solubility when present in the 
usual amounts may not be the same as in water, or greater. 

Thus it seems that the proteins may have a function in changing 
the solubilities of substances in solution in the body fluids and 
tissues. The quantitative relations remain to be worked out. 
Such changes in solubility will affect the distribution of sub- 
stances, and thus influence absorption, secretion, diffusion, and 
excretion. 

These conclusions seem a reasonable result of the data presented 
in this paper, and they appear to be in harmony with the other 
known facts. It would be highly desirable, however, to have con- 
firmation and extension of the data, and until this is done the 
conclusions can only be regarded as provisional. 
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2283. 50 | 56.25 | 56.25 | 1.0109} 0.6115) 1.713 | 0.9635) 0.1456 | 1.00945 
Y ork, 55 1.0112 
60 | 46.195) 46.195) 1.0112) 0.75 2.10 0.974 | 0.146 1.00974 
65 1.0109 
70 | 35.391) 35.391) 1.0102) 0.8965) 2.51 0.888 | 0.133 1.0089 
orgy, 80 | 24.186] 24.186] 1.0082} 1.048 | 2.93 | 0.709 | 0.1065 | 1.00714 
90 1.0050 
95 1.0018 
100 1.0000 
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TABLE II. 


Activity in Protein Solutions. 


I 














Glycerol-Water. Activity Ratio of H:. 
a. Drucker’s Figures. 

2 | | 2 | 7 | za | 28 | x 
Ss | _ a = | 8 3/2 
. | | . | g s | 4 |%& | a 
é | 1é |s | @ | @ | 8. | # 
2 | |= | y. | 28 | 3 | 358 | 22 
= A a |] 2] 2 | & | & | a* | ae 
0.0 | 1.0000/0.99707| 1.96 | 1.966 | | | 1.000 
4.0 1 .0101/1 00714) 1.86 | 1.847 | 0.0083 1.886 | 1.894 1.025 
10.5 1.0260)1.02300; 1.78 1.739 | 0.0218 | 1.760 | 1.780 1.024 
22.0 | 1 .0542)1 0511 | 1.54} 1.465 | 0.0457 1.533 1.579 | 1.077 
49.8 | 1.1290/1 1257 0.99 | 0.879 | 0.1035 | 0.987 | 1.095 | 1.246 
50.5 1.1300}1 .1267 | 0.97] 0.862 | 0.1050 | 0.973} 1.078) 1.252 
52.6 | 1.1365/1.13317 0.90 | 0.794 | 0.1095 | 0.932 | 1.042 | 1.312 
67.0 | 1.1752/1.1717 | 0.67 | 0.572 | 0.1395 | 0.649 | 0.788 | 1.378 
80.0 | 1.2113/1.2078 | 0.51 | 0.422 | 0.1665 | 0.393 | 0.559 | 1.325 
82.0 | 1.2159/1.21233| 0.51 | 0.420| 01705 | 0.353] 0.5235) 1.247 
88.0 | 1.2307|1.2271 | 0.44] 0.358 | 0.1830 0.236 | 0.419 1.170 
95.0 | 1.2502)1.2465 | 0.34) 0.273 | 0.1975 | 0.098 | 0.296 1.083 
100.0 | 1.00001.2496 | 0.26*| 0.208 1.000 





b. Muller’s Figures. 
The calculations for this table were made in aslightly 
the preceding. 


different way from 








| 














3 | 1, | 2 | g 3 | 2 | 
= s % = 3 8 CF 
2 | s | = 5 » | 3& | Ze 
si | * . a< 3s | 2 | $k 
3 | | Be 3 > 8 +4 Se | ab 
z. | | ¢3 | bg | 2S ss | Sy | 3B 
BE | Se | £s | Ze Be Er 33 al 
Yr iaifeiaiizf 7 a= | gi 
| gm. 

0.0 | 0.99913) 0.00| 1.892 | | 1.000 
14.9 | 1.0353 | 15.42| 1.647] 0.1135] 1.67 | 1.78 | 1.08 
22.8 | 1.0526 | 24.02} 1.510| 0.1768} 1.54 | 1.714 | 1.135 
38.0 | 1.0045 | 41.59| 1.216| 0.306 | 1.287 | 1.59 | 1.307 
43.5 | 1.1115] 48.50| 1.110! 0.356 | 1.188 | 1.54 | 1.522 
49.15 | 1.1256 | 55.35! 1.010| 0.407 | 1.085 | 1.49 | 1.475 
51.5 | 1.1321| 58.30} 1.025] 0.429 | 1.04 | 1.47 | 1.435 
68.0 | 1.1738 | 79.82| 0.806] 0.587 | 0.712 | 1.30 | 1.61 
90.7 | 1.2479 | 113.20} 0.870| 0.832 | 0.22 | 1.05 | 1.207 
100.0 | 1.2634 | 126.34 0.93* 1.00 





* By extrapolation. 


| Weicht per cent of gly- | 


pe ae 





XUM 


| 


Solubility calculated 
Solubility observed 


53/3 


> 
hr 
— 


eel 
e bo 
— 
~~] 





a. Drucker’s Figures. 
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N: in Glycerol-Water Mixtures. 
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» C S| 3|> 
: | =) ¢@]2] a |e | i 
& he a =e a} = =|2 
aan a. | & | §& é 7s | 
i si | 3 | 22 | 3 | #2 | 22 
zs | eS a | a2 ae eo: | S53 
Se | ge | 8 | 2 | 32 |] 32 | g88 | 3b 
3° | EE wee ie a | ae 
[mf | | 
0.0 | 0.997 | 0.00] 1.56 | | 1.000 
16.0 | 1.0362 16.57 | 1.03 | 0.0377 | 1.36 | 1.398 | 1.358 
29.7 | 1.0714 | 31.80/ 0.67 | 0.0723] 1.175 | 1.247 | 1.86 
48.9 | 1.1233 | 54.90) 0.52 | 0.125 | 0.896 | 1.02 1.96 
74.5 | 1.190 | 88.70] 0.25 | 0.202 | 0.473 | 0.675 | 2.7 
84.1 | 1.2183 | 102.50 | 0.24 | 0.233 | 0.301 | 0.5345 | 2.23 
100.0 | 1.2496 | 124.96 | 0.28* | 1.00 
b. Muller’s Figures. 
> g 3 3 2 Ele 
. s | 3 3 E rit 
F 2 g g g > g|8 
4 . s $3 | = rc 
g a > > 2 a> 
oa - 33 4 5 =o S< 25 
a2 oe $3 ‘ 2% om as 2/3 
38 als =e = 3 2s $3 3 3 
e Qa oO faa a) a D 
gm. 

0.00 0.00| 1.694 1.000 
25.00 | 1.0620 | 26.55 | 1.266] 0.193 | 1.356 | 1.55 1.223 
42.2 | 1.1079 | 46.80| 0.976 | 0.34 1.088 | 1.43 1.465 
51.5 | 1.1332] 58.35 | 0.759| 0.424 | 0.934 | 1.36 1.79 
58.0 | 1.1514} 66.80| 0.703| 0.4855 | 0.822 | 1.308 | 1.86 
80.25 | 1.2132 | 97.40| 0.530] 0.60 0.406 | 1.006 | 1.897 
90.0 | 1.2395 | 111.50| 0.583] 0.687 | 0.212 | 0.899 | 1.7 
95.0 | 1.2525 | 119.00| 0.716] 0.80 0.106 | 0.906 | 1.265 
100.0 | 0.894* 
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TABLE l11—Concluded. 
c. von Hammel’s Figures. 





























2 $ | yg . 2 
3 | s | & 3 é 

A Pe g By 8 2 

: 2. | 8 83 8 3 
a 38 5 Bs Bo 2. 
23 es I& ee = ri) rat =3 
oo ada Ey 3 2s 28 $3 
= A 5 ry & wb = 

gm. 

0.00 | 1.00 0.00 | 1.707 

15.7 | 1.0382} 16.31] 1.425 | 0.0688/| 1.493 | 1.562 
29.9 | 1.0747 | 32.1 | 1.087] 0.1357 | 1.287 | 1.423 
46.6 | 1.1198 | 52.15| 0.84 | 0.22 1.02 1.24 
57.6 | 1.1531 | 66.45 | 0.698] 0.28 0.834 | 1.114 
67.1 | 1.1774 | 79.0 | 0.635| 0.333 | 0.66 0.99 
72.8 | 1.1931| 86.9 | 0.552| 0.367 | 0.551 | 0.918 
74.7 | 1.1983 | 89.5 | 0.597| 0.378 | 0.518 | 0.896 
77.0 | 1.2044 | 92.45] 0.527] 0.391 | 0.478 | 0.869 
85.1 | 1.2263 | 104.5 | 0.482] 0.441 | 0.309 | 0.75 
87.3 | 1.2323 | 107.7 | 0.492| 0.454 | 0.265 | 0.719 
88.5 | 1.2354 | 109.5 | 0.536 | 0.462 | 0.230 | 0.701 
99.25 | 1.2631 | 125.5 | 0.524] 0.529 | 0.0138 | 0.543 
100.0 | | 0.523" 





| 


Solubility calculated 
Solubility observed 





s 


1.095 
1.308 
475 
.595 





* By extrapolation. 


: 15 , ‘ , ‘ : 
t The correction to D — amounts to so little in comparison with experi- 
4° 


mental errors that it was not considered worth while to make it. 


° 





XUM 


| Weight ner cant of = on 


| 


Solubility calculated 
Solubility observed 





L 095 
| .308 
| 475 
| 595 


a Ee 
oe 
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663 





Weight per cent of gly- 


cerol. 


0.00 
20.5 
25.0 
37.3 
45.0 
52.0 
71.5 
88.5 

100.0 
































8 z 3 & By 
: g | 3 4 > 3\5 
A s | # | 3 z a3 
af . 28 2g 2. 22 
aw | 92 | & | 28 | Bf | 23 | 32 
a's 23 2 2s 2s 33 2\5 
o re. w B = AG 
gm. 
1.000 0.00 | 3.400 1.000 
1.0503 | 21.53 | 2.742 | 0.150 2.805 2.955 1.077 
1.0620 | 26.55 | 2.521 0.186 2.710 2.90 1.15 
1.0947 | 40.80 | 2.022| 0.286 2.335 2.62 1.295 
1.1155 | 50.20 1.744 | 0.353 2.085 2.44 1.40 
1.1346 | 59.00 1.570 | 0.413 1.850 2.26 1.44 
1.1895 | 85.00 | 0.950; 0.595 1.550 2.14 2.25 
1.2354 | 109.50 | 0.886! 0.766 0.477 1.24 1.40 
0 886" 1.00 





* By extrapolation. 


CO: in Glycerol-Water Miztures. 


TABLE V. 


Figures from von Hammel. 








gly- 


cerol, 





Weight per cent of 





0.00 | 
26.11 
27.69 | 
43.72 


62.14 | 























s i=] ~;O = es 

g 3 3 é 3\2 

g 2 3 > e|3 

& , = 3 = s\2 

., e e a 3 I> 

res g a5 =e = se 

Sle | $3 % Be Be 33 3\2 

a 5° = a” i . 512 
gm. 

1.000 | 0.00] 100.3 1.000 

| 1.0649| 27.8 | 78.5 | 9.0 | 78.9 87.9 1.12 

1.069 | 29.6 | 80.0 | 9.58 | 77.5 | 87.1 1.09 

1.112 48 .6 63.9 | 15.75 62.8 78.5 1.23 

1.1198 | 52.05 | 62.0 | 16.9 | 61.0 | 77.9 1.257 

1.1632 | 72.30/ 51.1 | 23.4 | 44.1 67.5 1.32 

| 1.1946 | 87.60/ 44.9 | 28.4 | 31.96 | 60.36 | 1.345 

| 1.2064 | 93.80} 43.0 | 304 | 26.94 | 57.34 | 1.335 

1 2334 | 108.30| 42.2 | 35.1 15.09 | 50.2 1.19 

1.2415 | 112.70| 40.4 | 36.5 11.5 | 48.0 1.19 

1.2566 | 121.50| 41.5 | 39.4 4.2 | 43.6 1.05 

1.2631 | 125.5 | 41.0 | 40.66 | 0.8 | 41.46 | 1.01 

1.265 | 126.3 | 41.0 1.000 
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Densities from Hubbard. 


Activity in Protein Solutions. I 


TABLE VI. 


CO in Acelic Acid-Benzene Mixtures. 


a. Volume Change. 


Gas solubility from Skirrow. 





acetic acid, 


Weight per cent of 


0.00 
11.634 
23 60 
34.0 
63 .97 
73.82 
100.00 


of acetic acid, 


of benzene. 


Calculated volume 
Calculated volume 


| 
| 
| 


.1277 11.154 | 101.14 
1.1092 22.206 87 .447 
1.0919 32.569 75.543 
1.0369 61.276 | 41.24 
1.0169 70.711 | 29.966 
0.9579 


| Total volume calcu- 


lated. 


112.294 
110.053 
108.112 
102.516 | 
100.677 | 





b. Gas Activity. 





acetic acid, 


Weight per cent of 


100.00 


— et he 


—) 


25°. 


| Volume at 


1446 | 
1156 
0932 


0292 


9579 | 








— 

s | 3 

a Eo ~ 

2 | 6 2 

Z 2 5 3 

2 ig : 

174 | 0.199 | 

190 | 0.212] 0.0316 

198 | 0.216) 0.0553 | 
199 | 0.205 | 0.1112 | 


d calculated, total. 


Xin benzene, 


| 
| 
| 
| 


0.16 








Volume calculated 
| Volume observed 


| 


1.0000 
0.99578 
0.99175 
0.99013 
0.98868 
0.99004 
1 00000 


vility calculated 
ility obeerved * 





| 1.000 


0.1916 | 0.903 


0.1322 | 0.1875 | 0.866 
0.065 | 0.1762} 0.859 


1.000 
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TABLE VII. 
CO in Acetone-Carbon Disulfide Mixtures. 


Data sources as in Table VI. 
a. Volume Change. 
































3 2 2 ‘ | 
| = = 2 Shy 
BE ca) Ee i | ¢ | 
. 8 s g 2) 
é | 3 | 3 38 2 | 4g 
ae 2. g | 3% 38 Po 2/8 
: a | 3g | Ef ge | OB/2 
2 . | i. | — | 
2 i 
s 0.00 1.26905 | | 1.00000 
2 13.245 | 1.21357 | 10.5458 | 110.096 | 120.6418 0.99411 
= 29.326 | 1.14319 | 23.3496 89.6888 | 113.0384 0.98879 
40.329 | 1.09304 | 32.1103 | 75.7255 | 107.8358 0.98657 
0 51.761 | 1.03962 | 41.2126 | 61.2177 | 102.4303 | 0.985264 
78 51.799 | 1.03937 | 41.2429 61.1695 | 102.4124 0.985328 
7 51.902 | 1.03847 | 41.3249 61.0388 | 102.3637 0.98572 
13 64.733 | 0.97694 | 51.5411 44.7556 96.2967 0.98571 
68 71.137 | 0.94547 | 56.640 36.6286 93.2686 0.986479 
04 83.283 | 0.88407 | 66.3109 21.2147 87 5257 0.99003 
00 86.892 | 0.86551 | 69.1843 | 16.6347 | 85.8190 0.991543 
- 100.000 | 0.79621 1.000000 
a b. Gas Activity. 
33 g |g | | | . | ip 
Mt] dg ile lal i] a] a] 
aecines = > | K | AR 4 AK A | iA 
~~ 0.00 | 1.26905} 0.238 | 0.30202 | 1.000 
866 8.18 | 1.2330 | 0.236 | 0.291 | 0.00624 | 0.2773 | 0.2835 | 0.9743 
959 18.02 | 1.1925 | 0.236 | 0.2814 | 0.01376 | 0.2476 | 0.2614 | 0.9287 
“000 49.46 | 1.0500 227 | 0.2384 | 0.03776 | 0.1526 | 0.1904 | 0.7988 
62.60 | 0.987 210 | 0.2073 | 0.0478 | 0.11295 | 0.16075 | 0.7757 


187 | 0.176 | 0.0565 | 0.0784 | 0.1349 | 0.7667 
144 | 0.1257 | 0.0653 | 0.0438 | 0.10905 | 0.8675 


114 | 0.0929 | 0.0736 | 0.0108 | 0.0844 | 0.9088 
| 1.0000 


74.05 | 0.941 
85.51 | 0.873 
96.42 | 0.815 
100.00 | 0.79621; 0.0959, 0.0764 | 


ocoocooceo$so 










































































666 Activity in Protein Solutions. I 
TABLE VIII. 
CO in Acetone-Chloroform Miztures. 
Data as in Table VII. _ 
a. Volume Change. 

-_ | : : ” 

2 | 2 2 + He: 

é | o¢ | § 4 : AR 

me a | a o 5 2\8 

a; 3 35 3s 2 R 

35 s | ze zs a3 BE 

50 3 4° ae $3 Sls 

E > 5 6) & >> 

0.00 | 1.274 | | 1.000 
16.66 | 1.1744 | 11.257 | 106.17 117.427 0.9999 
33.04 | 1.0764 | 22.325 | 85.306 107.631 0.9999 
45.83 | 0.9995 30.967 69.013 99.98 1.0003 
56.30 | 0.9364 38.042 55.674 93.716 1.0008 
64.50 | 0.8868 | 43.582 45.227 88.809 1.0014 
72.276 | 0.83976 | 48.839 35.310 84.149 1.0021 
79.88 | 0.7941 | 53.975 25.633 79.608 1.0025 
88.41 | 0.7435 59.738 14.765 74.503 1.0021 
94.30 | 0.7089 | 63.718 7.2616 70.979 1.0013 
100.00 | 0.6757 1.0000 

b. Gas Activity. 

: 2 | 4 4 | 4 
; < 3; & | 8 2/8 
4 e 3 E 3 ¢ 3 “4 
2. os } = Me o S 3 Biz 
3 = 8 Fo £ # 2 Is 
| S a A | AK A « win 
0.00 | 1.274| 0.238 | 0.3032 | 1.000 
33.38 | 1.073) 0.226 | 0.2425 | 0.0467 | 0.2020] 0.2487 | 1.0255 
53.20 | 0.955 | 0.219 | 0.2091 | 0.0744] 0.1419 | 0.2163 | 1.0343 
65.03 | 0.883 | 0.220 | 0.1943 | 0.09096) 0.106 | 0.197 | 1.014 
73.46 | 0.832} 0.212 | 0.1764 | 0.10275] 0.0805 | 0.1832 | 1.039 
79.83 | 0.793 | 0.204 | 0.1618 | 0.1117 | 0.0612 | 0.1729 | 1.068 
87.30 | 0.749 | 0.207 | 0.1550 | 0.1221 | 0.0385 | 0.1606 | 1.036 
94.40 | 0.708 | 0.205 | 0.1451 | 0.1320] 0.017 0.149 1.027 
100.00 | 0.6757; 0.207 | 0.1399 | 1.000 








XUM 
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TABLE Ix, 
H; in Alcohol-Water Mixtures 
a. Volume Change. 
_ 2 — 
2 g E 3 3s 
$ s $ 8 a\é 
. = — 
=] & = 2/8 
ii t, tie | wg | a 
5/8 24 3 32 43 lg 
is Bg &|% Fi gs as 2\2 
| 8 = Qa < 5° che Sis 
3\2 
15 gm 
0.00 0.99823 100 .0000 
00 5.00 0.98938 4.947 6.2673 94.1577 100.427 
9999 10.0 0.98187 9.819 12.4395 88 .5247 100 .9642 
1999 20.0 0.96864 19.373 24.5433 77 .6284 102.1717 
1003 30.0 0.95382 28 .6146 36.2513 66.8854 103 . 1367 
1008 40.0 0.93518 37 .4072 47 .3905 56.2105 103 .6010 
1014 50.0 0.91384 45 .692 57 .8863 45.7728 103 .6591 
1021 60.0 0.89113 53.4678 | 67.7374 35.7081 103 .4455 
025 70.0 0.86766 60.7362 76 .9456 26.0761 103 .0217 
021 80.0 0.84344 67 .4752 85.483 16.8989 102 .392 
013 90.0 0.81797 73.6166 93.2635 8.1945 101 .4547 
000 100.0 0.78934 78 .934 | | 100 .0000 
b. Gas Solubility. 
——— Figures from Lubarsch. 
BIy : ‘ 
ile 3 3 g Bs 
218 % g 3 3 é 3\> 
iB Z z § g g 2 z\8 
»| 2 g = = cr r | ls 
= be 8 = os 8 a ng 
ra 2: o a | Po EE] mia 
2 23 z 5 28 Phe Be 23 
4 3 a — Ss ag Hi | 
a ms S's 4 ° 2s & aa "3\3 
comes Se a 8 A 2s 25 23 2\5 
000 Es a) = A B B ~ _ ae 
0255 | om. 
0343 0.00 1.93 | 1.000 
014 9.09 0.98318) 8.93 1.43 | 0.81 1.725 2.535 1.773 
039 16.67 | 0.97301) 16.22 1.29 | 1.47 1.565 3.035 2.354 
68 23.08 | 0.96443) 22.25 1.17 | 2.02 1.43 3.45 2.95 
136 28.57 | 0.95718) 27.33 | 1.04 | 2.48 1.32 3.80 3.65 
)27 33.33 | 0.9480 | 31.60 | 1.17 | 2.865 1.22 4.08 3.49 
100 50.00 | 0.91384) 45.70 2.02 4.15 0.882 5.03 2.49 
a 66.67 | 0.87556) 58.35 2.55 | 5.29 0.564 5.85 2.305 
100.00 7.15* 1.000 
* From Christoff’s figures. 
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Activity in Protein Solutions. I 


TABLE X. 


CO in Alcohol-Wat 


Figures from Lubarsch. 


er Mixtures. 





Weight per cent of 
alcohol. 


d per 100 ce, 


| Solubility calculated 
in alcohol. 





50.00 
100.00 


“10 >» 
an = 
or Ww bo 
ie Oe 
om oO 


in H20. 


Total solubility calcu- 
lated, 


Solubility calculated 








1.000 
2.15 4.3 2.3 
1.955 5.865 3.350 
1.786 7.25 4.32 
1.646 8.236 5.49 
1.523 9.14 4.7 
1.10 11.90 3.72 

1.000 





* From Just. 


Sone 


‘Ds 


4° 


* ena “ 


Alcohol per 100 ce.”’ 


as in Table IX. 
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TABLE XI. 
Nz in H,SOqWater Mixtures. 
a. Volume Change. 









































ro 910 
Figures from Lunge and Isler for corrected to S by table of Domke 
in Landolt- Bornstein. 
g F 
= %, ¢ 
= E - : 
: m : 
——— g ait ) om B . 
2 0.00 | 0.99802 1000.00 
> 240.5 1.1472 906.7 131.457 908 .29 1039 .747 
5 436.7 1.2565 819.8 238 .699 821.234 1059 .933 
4 525.2 1.3037 778.5 287 .073 779.865 1066 .938 
a 996.0 1.5448 548.8 544.421 549.762 1094 .183 
000 1216.0 1.6499 433.9 664.653 434.661 1099 .314 
3 1453.0 1.7541 301.1 794.206 301.618 1095 .824 
350 1684.0 1.82345 139.4 920.47 139.644 1060 .114 
39 1756.0 1.8336 77.6 959.825 77.736 | 1037.56) 
49 1829.5 1.8295 1000 .000 
71 i = epee - 
>) b. Gas Activity. 
700 Figures from Bohr. 


21° 
4° 


lated. 
Solubility observed 


Solubility in H»O 
Total solubility caleu- 
Solubility caleul: 


HeSO,. 


tion, 


B 21° per 100 gm. solu- 
Solubility in H2SO,. 


Weight per cent of 


| B 21° per 100 ee, 


| 
| 
| 








1.0000 
445 | 1.82 
368 | 2.403 


_ 


0.00 | As in (a) for cor- 1.56 56 

20.98 responding gm. | 0.91 | 0.794 | 0.2111) 1.234 | 1 

34.75 per liter which | 0.72 | 0.569 | 0.3498) 1.018 | 1 

40.30 is on_ corre- 0.66 | 0.506 | 0.4055) 0.9305) 1.336 | 2.64 

64.50 sponding line. 0.49 | 0.317 | 0.649 | 0.554 | 1.203 | 3.795 

73.80 0.48 | 0.292 | 0.7425] 0.409 | 1.152 | 3.945 
0.51 | 0.291 | 0.833 | 0.268 1.101 | 3.785 

92.35 1.00 | 0.548 | 0.929 | 0.1194 1.048 | 1.914 

0 1.29 | 0.703 | 0.0655) 1.0295) 1.465 

100.00 1.84*| 1.006 | 1.000 
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TABLE XI—Concluded. 
c. Gas Activity. 
Figures from Christoff. 














| . p+ | 

—— S| 3 = | 2 | 
s | | & | 4 4 6 hl 3\5 
Pp] 6d ehh a TLL a | EL a 
& : | = = | >9 > S | & >> 
S6 = |} S | #8 | 5 oj P= 
aD e | oo i ae) a>) =o 5\2 
Se | Rls s | § | Ba | Be | 3 3/3 
2 f risiv if if io 
0.000 | | 1.537 | | 1.000 
35.82 | 1.2669 | 0.8447 | 0.667 | 0.467 | 0.986 | 1.453 | 2.18 
61.62 | 1.5268 | 0.6144 | 0.4025 | 0.804 | 0.59 | 1.394 | 3.46 
95.60 | 1.8348 | 1.6720} 0.912 | 1.246 | 0.0676 | 1.3136 | 1.44 
100.00 | 1 | 1.000 


8305 | 2.38t | 1.303 | 





* By extrapolation. 
t By extrapolation from solubility curve. 


TABLE XII, 
H. in H2SOw~Water Miztures. 


Figures from Christoff. 

















| } ; | ais | ne | 4 = 
ae | | é ) 3 | F | 4 38 
2 | | | s | 3 | a} Ye 4\2 
2 | 1S | 2 | &€ | 2 A 
g _| &B] a, |e | & 48 
2 . Ss | > | Bs >. | 3 >|2 
oS | sija| ae) as | & | 8 
62 | te ‘ 4 |e | #& | g3 2\5 
om ; As & = = 5 | =& me a9 
a | 2 z | ®B E | oo | « Cie 
0.00 | | 2.077 | | | 1.0000 
35.82 | 1.2669 | 0.9544 | 0.754 | 0.258 | 1.333 | 1.591 | 2.11 
61.62 1.5268 | 0.7081 | 0.464 | 0.444 | 0.797 | 1.241 | 2.675 
95.60 | 1.8348 | 1.097 | 0.598 | 0.689 0.0914 | 0.7804 | 1.305 
100.90 | 1 320* | 0.721 | | | 1.000 





* By extrapolation. 
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_ TABLE XIII. 
uo] 
3|> CO in Ethyl Alcohol-Benzene Mixtures. 
2\3 a. Volume Change. 
o/|° 
>| 2 Figures from Polowzow. 
3 2 mea ' U a 
315 S s 4 =] 
pOrrage i. = 2 3 + 
-000 : | § 4 = g|E 
18 g | = 2 2 2 
46 z ‘TS % % Z\e 
4 : » 2:8 Zs ey Ss 
000 3 eR | 8 | gs 23 a\s 
= = | < - = o 
gm. | 
0.00 | 0.8784 
1.772 0.87635 1.553 | 1.9666 97 .997 99 .9636 
10.94 0.8667 | 9.48 | 12.004 87 .875 99 .879 
23 .22 0.8629 20.036 | 25.372 75.42 100.792 
27.81 0.85173 23.69 | 30.00 69 .996 99 .996 
57.31 | 0.8262 | 47.35 59 .96 40.154 1001.13 
100.00 0.7897 
iy b. Gas Activity. 
le Figures from Skirrow. 
[s | | z 3 4 rs 
2 z E ~ ale 
= r 2 = > 3/1 
° = S26 3 2\2 
E se | 1% | t | 8B | B | ae 
a aS | ¥ 2 28 2e 33 2'2 
— m= i«ii: - aie] 58 a3 S| 
1000 SS | a | & | 4@ 2s 25 sé 3/2 
1 ie TSE ES SE. a - se 
=e | | | 
75 0.00 | 0.8784 | 0.174 | 0.198 } 1.000 
05 15.43 | 0.8628 | 0.179 | 0.2075 | 0.0375 | 0.1674 0.205 | 0.988 
100 52.34 | 0.8300 | 0.181 | 0.2181 0.1272 | 0.09437 0.2216 1.016 


100.00 | 0.7897 0.192 | 0.2431 1.000 
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Data from Faust. 
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TABLE XIV. 


CO in Aniline-Acetone Mixtures. 


a. 


Volume Change. 





Weight per cent of 


acetone. 


0.( 
21 .0§ 


] 
59.27 1 
100.00 


Data 





aniline, 


| Weight per cent of 


| 


0.00 
20.83 
55.10 
100.00 


0 


2 


| Volume at 18°, 


bo bo 


Calculated volume 
of acetone 


ted volume 





26 .04 77 .283 
73.17 39.892 





from Skirrow. 


D 18°. 


0.8100 
0.8492 
0.920 
1.021 


X per ce. 


0.238 
0.179 
0.110 
0.053 | 


». Gas Solubility. 


| 
| 


Calculated solubility 
in aniline, 


| A per gm, 


0.294 
0.2108) 
0.1196 
0.052 


0.0108 
0.0286 





| Total volume calcu- 
lated. 


103 .323 


113.062 


solubility calcu- | 






0.2434 
0.1605 


0.2326 
0.1319 


— i ee ee 





0000 


. 
2 
~ 
> 
Q 
ial 
> 
> 


> 


0000 
0091 
0018 


Solubility calculated 
| Solubility observed ° 


155 
343 
000 


— eet et 
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CO in 


Data from Humburg. 
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a. 


TABLE XV. 


Volume Change. 


Acetic Acid-Toluene Miztures. 





Volume of solution. 


Weight per cent of 
acetic acid 


Volume of acetic 





Volume of toluene. 


| Total volume calcu- 














.: 3 3 
a a a 
0.00 0.8694 
9.6055 | 0.8813 113.468 9 .0987 104.213 111.3117 
27 .446 0.9072 110.229 25.999 83 .453 109 .452 
38 .492 0.9248 108.131 36.461 | 70.748 107 .2088 
100.000 | 1.0557 | 
b. Gas Activity. 
Data from Skirrow. 
: 8 2 = | 4 | 
a E = 5 
na e |. Bi = £ 3 
H#lelali| | 2 | 8 | 
Se” a a 1a - 2 2 a | 
0.00 0.8694 | 0.182 | 0.2093 | 
20.48 | 0.898 | 0.190 | 0.2116 0.0336 | 0.1665 | 0.2001 | 
56.89 0.9484 0.195 | 0.2056 | 0.09268 | 0.09025 0.1829 
74.71 0.972 | 0.191 | 0.19605; 0.1217 0.0529 0.1746 
1.0557 0.172 | 0.1629 | | 


100.00 


} 
| 





Volume calculated 
Volume observed * | 


1.000 

0.9969 
0.9929 
0.9915 


1.0000 


| 





Solubility obeerved ° 


Solubility calculated 





0.9457 
0.8895 
0.8906 


1.0000 





674 Activity in Protein Solutions. I 


TABLE XVI. 
CO in Toluene-Nitrobenzene. 
a. Volume Change. 


Data from Philip. 






































~ 2 4 | 8 ° 315 
: | < - | 2a : z\3 
es | a | 8 s | § a | se 
| 
0.00 | 1.207 | 1.000 
41.896 | 1.036 | 0.9652 | 0.48156 | 0.4814 | 0.96296 | 0.9976 
64.282 | 0.963 | 1.0384 | 0.7388 | 0.2959 | 1.035 | 0.9964 
81.789 | 0.913 | 1.0953 | 0.9401 | 0.15088 | 1.091 | 0.9961 
100.000 | 0.870 | | | 1.0000 
b. Gas Activity. 
Data from Skirrow. 
| | si}, | & tig 
Ss | | 8 | &€ | @ | 3 
2 | = $ | 3 Zz | 28 
ie | el > | bg | 3 212 
28 g BI - ef | &y Sls 
= | a A a Ft & = | wie 
0.00 1.207 | 0.093 poo | 1.0000 
23.69} 1.112] 0.108 | 0.0971} 0.0496 | 0.0588 | 0.1084 | 1.116 
50.92 | 1.006 | 0.131 | 0.1302 | 0.1065 | 0.0378 | 0.1443 | 1.108 
73.21 | 0.940] 0.151 | 0.1606 | 0.15315] 0.0206 | 0.1738 | 1.1082 
81.77 | 0.914} 0.160 | 0.17505) 0.17105) 0.01405) 0.185 | 1.0574 
91.14} 0.891} 0.168 | 0.18855). 0.19066} 0.00683} 0.1975 | 1.0473 
100.00 | 0.870 | 0.182 | 0.2092 | 1.006 








XUM 


tI! _— a i wap 
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TABLE XVII. 
CO in Benzene-Nitrobenzene. 
a. Volume Change. 


Data from Philip. 
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i d | g 3 , 
= & S 2 Ble 
Z | 2 | § é s | ge 
- e 2 a. - | 33 
g¢ 2 Fe 38 a. | &§ 

- | oo : o| 
ef} e |] 2 | i ce | af (| «(EE 
-— _— = = = 23 =i 
Bs A S | > s & | Si> 
0.00 | 1.207 | 1.0000 
26.828 | 1.096 91.24 | 30.412 60.62 | 91.034 | 0.9977 
42.28 | 1.043 95.88 | 47.93 47.82 | 95.75 0.9986 
75.22 | 0.942 106.15 | 85.27 20.53 | 105.80 0.9967 

100.00 | 0.8821 1.0000 
b. Gas Activity. 
Data from Skirrow. 
. | . sie 
| | | & | 5 Zio 
- | | F = 8 | a/E 
; Lodge | Py; |e | # 

a) - 2 61 @ | a 
Be | s | § 2 25 33 aE 
6s ‘ > | @ 5 Be a3 5/4 
38 e | & 2 2s | 33 2\3 
e ray a | a B g | & | gid 

| | — ae — 
0.00 | 1.207 | 0.093 | 0.07705] | | 1.0000 
16.73 | 1.135 | 0.1015) 0.0894 | 0.033 | 0.06416 | 0.0972 | 1.087 
45.1 1.036 | 0.1265! 0.1221 | 0.08896 | 0.0423 | 0.1313 | 1.075 
59.39} 0.989] 0.14 0.14155] 0.1171 | 0.0313 | 0.148 | 1.0483 
71.84 | 0.954 | 0.152 | 0.1593 | 0.1417 | 0.0217 | 0.1634 | 1.0255 
85.69 | 0.894 | 0.162 | 0.1812 | 0.16903 | 0.011025) 0.18005) 0.9936 

| 0.882 | 0.174 | 0.197: | | 1.0000 


100 .00 
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TABLE XVIII. 


Solubility of Nz in Water with Earlier Form of Apparatus Impractical for 
Protein Solutions. All Experiments in Series Included. 





B 20° per 
100 ec. 





ono oo 
WWD D 
bho Or 


t 
t 


.559 
.563 


.562 


Ce; 
SG 
— 


el ee ee | 


Average. 1.555 





TABLE XIX, 
Solubility of N2in Water with Later Form of Apparatus. All Experiments in 
Series Tabulated. 














Series 1. Series 2. 

B 20° per B 20° per 
100 ce. 100 cc. 
1.536 1.566 
1.563 1.582 
1.560 1.543 
1.558 1.541 
1.616 1.554 
1.57 1.523 N. B. Short evacuation. 
1.557 1.551 

Average..... 1.565 1.557 omitting value 1.523, proba- 
bly erroneous. 





General average of above averages. 1.561 








XUM 


al for 


in 





Solubility of N2in Hemoglobin 


Preparation. 


Isoelectric. 


om © he | Experiment No. 


Base. 


1 


Average... 


Concentration.* 


J. L. Stoddard 


TABLE XX. 


H:0 per 100 ce. 


| Density.t 


.02278 92.658 1 


.0229 |92.613)1 


0220 |92.889'1 


.0219 |92.812'1 


0219 |92.812)1 
02135,93 .075 1 
02008'93 .448)1 


92.90 (1 


solution, calculated. 


Solubility in H20 of 


446 |1 
446 |1 
450 |1 
449 |1 
449 |1 
453 |1 
459 |1 


4503/1 


Solutions. All Experiments in S 






Solubility (B 


625 (0 
.594 0 
.570 (0 
6225 0 


633 |0 


.625 0 
621 |0 
.613 10 
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series Given. 






100 cc, so 
Excess per gm. of Hb. | 
| 


Excess per mol of Hb 


g 
nm 
r 
* 


179 
148 
120 
1735 
184 
172 
162 








* By refractometer. 


+ By calculation from concentration on basis of studies of relation 
between density, refractive index, and concentration from dry weight; 


20 
represents ——- 
4° 
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TABLE XXI. 
Solubility of N2 in Plasma Protein Solutions. Series 1. All Experiments 





























Included. 
= | | | | 33 | Se] & 
E 5 | ¢ | ge | 88 | 22 | 
+s ja lest | fl g | s8/|@¢ | 42) & 
s | 8/3 on oo ” >a | as | 38 Sc 
€}ei/hi4i g iS e | 28 |/2o | fs] 43 
Be l3s/2/3lu| £ | e | 23] 28] te] €E 
a /é|2°)2) aie) & | ej a®|a®| ar | a 
1 |Iso- |5.80 |2.72/3.08 | [1.0145 |95 653 1.532 
jelee-| =f ff ff 
| tric. | 
2 | “ |5.76 |2.902.86 |5.811.0144 /95.68 | 1.5266 
3 | “ 5.84 |3.0512.79 | |1.01465|95.625 1.497 
4 |“ [5.84 |3.052.79 | [1.0165 |95.81 1.516 
5 [Base|6.32 [4.61.66 | _|1.01599/95.28 1.511 
6 | “ |6.69 /5.4411.25 |6.31.017 95.01 | 1.514 
7 | “ (6.66 |5.22)1 44 [6.4/1 .01605)95.035 1.517 
8 |Iso- |5.62 |4.56)1.06 |5.8|1.014 [95.78 | 1.521 
| elec- | | 
tric. | 
— se ane Kae 
Average... .|6.066/3.95,2.116 95.484! 1.4904 1 .5168|0 0264/0 00435 
| | 


= 





* By refractometer. 
t As in Table XX. 





XUM 
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TABLE XXII. 
Solubility of N2 in Plasma Proteins. Series 2. No Experiments in Series 





























Omitted. 
g¢ » | % 
S | Ss = ; ; - | > & 2 |; 
El @¢ |El€lé 3 | Zag} 2 | 38 
2 ga/z/2/.| 2 | [322] 2 | #8 
Si = ese |2/o5]| ‘a Aa | t som ae |e 
1 | Base. 6.06 |3.572.49|7 .541.01517 95.457 1.512 
2; « 6.22 |4.202.02'7.441.01528,95 308 1.521 
3 | 16.35 |4.361.99.7.481.01551/95.20 1.519 
4 6 70 '4.41/2.29)'7.341.01659,94 .959 1.544 
5 | Isoelece- (3.59 |1.83.1.7616.17|1 .00857\97 .267 1.548 | 
6| tric. | 
6 | Base. 6.21 |4.25,1.98)7 .29)1.01527,95.317 1.535 
7 | Isoelec- (5.70 |4.431.277.63 1.0153 95.83 | 1.441 
tric, ex- | 
tracted .| | | 
8 | Base, ex- 5.54 3.12)2.428.101.0143 95.89 | 1.519 | 
tracted. 
9| “  “ 16.05 |3.17/2.88/8.1 |1.01592,95.54 | 11.485 
10 | Isoelee- [6.64 |4.61/2.03)7 64/1 .01663 95.023 11.532 
| tric. | 
Average... . .|5.906)3.802.11 (95 .579)1 492 1 .5156|0.0236,0 .004 








* By refractometer. 

t By direct determination with 25 cc. pyenometer at 20°, calculated for 
20° 
ae 
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TABLE XXIII, 
Averages of Solubility Determinations on Protein Solutions. 


I 











3] s 

Hoe 
£ z 
.® 

oe 4 
a) 
z | & 
7 Hemoglo- 
bin. 
18 | Plasma 
protein. 
5 i “ or 
3 | “ 
2 | = 
| 

5| | 

9 ‘ ‘ 
1 ‘ ‘ 
8 “ “ 
be “ “ee 
‘ 





Concentration per 
100 ce, 





ya 
to 
nS 


S) 
o 
~J 
ho 


or 
~l 
~I 
Li) 


115 


or 


.308 


on 


on 


6.401 


5.580 








92. 


2/95 


2195 


95 


95. 


95 


95 


5.145 


H20 per 100 ce, 


~) 


0 


BE: 


108 


.248 


.196 


824 








1.45 |1. 


1 


— 


1 





Solubility in H.O 
of solution. 


.491/1 


4041 


485)1 
.501)1 


| 


4871.5: 


.494)1 50° 
| 


| 


.496)1. 


486|1. 


| 


.496)1.5 


~ 
= 

| ~>aQ 
PS 


per 


100 ce. solution. 





613 





.516 


.5185 


.514 
54 





> > 
= ~ 
2 a} 
3 3 
a aé 
2 a & 
. 
& & 
co ox 
bad x= 
& <2] 
= <2) 





0.163 | 0.0176 


eT 0.00415 


0. 0245) 0.00425 
| 
0.029 | 0.00442 
0.039 0.00762 
0.039 | 0.00618 
0.008 |} 0.00138 
—0.055 |—0.009 
0.036 | 0.0056 
0.0286; 0.0051 








Additional notes on 
preparations. 


All experi- 
ments. 


Isoelectric of 
Series 1. 

Base of Series 1. 

Isoelectric of 
Series 2, not 
extracted. 

Base of Series 2, 
not extract- 
ed. 


Base of Series 2, 


extracted. 
Isoelectric of 

Series 2, ex- 

tracted. 


All with base, 
not extracted. 

All isoelectric, 
not extract- 
ed. 








XUM 
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TABLE XXIV. 
Solubility and Relative Activity of Nz in Protein Solutions 
Compared with Water. 



































is | 
iS | 
\< 
ai? 
| Sle 
Preparation. ’ & |e 
8\s 2s | 3 
3|3 rio | 5 
3/ ego] ¢ 5 
s|2 </¢ | 3 > 
SES | > | << | 3 
=|> = s | | 
2\3 =z | 3 
= | =i ie | & 3 
Average of Hb..............0005- | 0.968 | 0.8995 | 
a “ plasma protein....... | 1.029 0.982 | 5.31 0.285 
- wy plus base ex- 
EL nuk cigenbeatnuen Word | 0.962 | 1.005 | 0.283 
MO, carsedvcunevebasweenenew wns | 5.55 0.281 
TABLE XXV. 
Contraction in Volume of Protein Solutions. 
From data of Chick and Martin. 
| , 1. I? 
& s 
| yey 4 | 4 3 
4 E | 4\§ 
Substance. =| g 8 ° & | 2 3 
3 B = = = | gle 
= = - 3} ° | 3 § 
, i} P=) $ s. | @2@ ti &e 
> a ° a sca & | =—_},0 
es} 2/5 ]¢|48|] 2 | a 
a A oa o o | - | & 
Serum albumin. | 1.275 | 1.0647| 22.15 | 23.58 | 18.496) 83.13 |101.826 
“globulin. 1.279 | 1.0428) 15.33 | 15.985) 12.498) 88.56 |101 .058 
” = 1.312 | 1.0316) 11.05 | 11.399} 8.69 | 92.033)100.721 
" “3 1.289 1.0466) 16.35 17.112 13.275, 87.81 |101.085 
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Hg in GLYCEROL-WATER 
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THE PRESENCE OF AN UNKNOWN SUBSTANCE IN 
DIABETES INSIPIDUS URINE. 


By A. B. ILLIEVITZ. 


(From the Department of Biochemistry, McGill Univer:ity, Montreal, 
Canada.) 


(Received for publication, November 16, 1926.) 


During the study of a case of diabetes insipidus, a substance of 
unknown chemical composition was isolated from the urine. The 
possible presence of this substance was suggested by the peculiar 
macroscopic changes in the urine on standing. 

The urine was collected on April 15, 1924, in a flask containing 
afew crystals of thymol. It was kept in a refrigerator. 3 weeks 
later on macroscopic examination the fluid content of the whole 
bottle presented a purplish coloration. There was a similar colora- 
tion of the small amount of sediment. The specimen was further 
allowed to stand for about 2 months. The above colored substance 
deepened to a definite purple, and could be extracted with ether. 
On evaporation of the ether the material was found to be viscid. 
When mixed with water it was found to be insoluble and floated. 
On shaking it up with water, small oily globules were produced 
which soon rose to the surface. It is soluble in ether and chloro- 
form, partly soluble in 75 per cent alcohol, but precipitates with 
absolute alcohol, forming a fine amorphous purplish sediment. 
Strong and weak acids do not affect it. It is slowly and totally 
soluble in strong alkalies, forming a colorless solution, and can be 
reprecipitated by means of strong acids. Hydrogen peroxide in the 
presence of strong ammonia causes the evolution of a gas, the 
precipitation of an amorphous substance, which has a faint pur- 
plish color, and the formation of an oily substance on the surface 
of the fluid, which has a pink coloration. An ethereal solution 
and a slide of the ethereal extract show no absorption bands in 
the spectrum. 
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An attempt was made to establish its relationship to indican or 
tryptophane. The urine from which the unknown substance was 
extracted contained neither indican nor tryptophane. The urines 
of April 13 and 14 also skowed a faint purplish sediment. All 
other specimens of urine failed to show the presence of indican and 
tryptophane in detectable quantities. 
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COMPARATIVE METABOLISM OF CERTAIN AROMATIC 
ACIDS. 


XII. FATE OF TRIPHENYLACETIC ACID, ALSO TRIPHENYLMETH- 
ANE, AND TRIPHENYLCARBINOL IN THE ANIMAL BODY. 


By 8. R. MIRIAM, J. T. WOLF, anp CARL P. SHERWIN. 
(From the Chemical Research Laboratory of Fordham University, 
New York.) 


(Received for publication, December 2, 1926.) 


The study of the fate in the body of triphenylacetic acid, 
triphenylchlormethane, and triphenylearbinol was undertaken 
for purposes of comparison with phenylacetic acid and diphenyl- 
acetic acid, which have already been investigated in this 
laboratory. 

Triphenylacetic Acid. 


Triphenylacetic acid was prepared from triphenylchlormethane 
by Grignard’s reaction according to the method of Schmidlin,' 
as it promised relatively the largest yield. Fresh powdered mag- 
nesium was employed instead of the ribbon. By the use of 50 per 
cent sulfuric acid and thorough cooling during acidification, the 
colloidal condition of the triphenylacetic acid was avoided. 75 per 
cent of the theoretical amount was easily obtained. The glycocoll 
compound was synthesized to serve for identification of a pos- 
sible metabolic product. 


Triphenylacetyl Chloride. 


10 gm. of triphenylacetic acid were heated with 50 gm. of 
thionyl chloride on an oil bath under a reflux condenser for 2 hours. 
The excess thionyl chloride was distilled off and the acid chloride 
was extracted with absolute ether. After recrystallization from 
benzene, 6 gm. of a yellowish white solid melting at 115° were 
obtained. 

1Schmidlin, J., and Hodgson, H., Ber. chem. Ges., 1908, Ixi, 438. 
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Triphenylacetyl Glycocoll. 


1.5 gm. of glycocoll were dissolved in a small flask with a mini- 
mum amount of hot water and 6 gm. of triphenylacetyl chloride 
were added gradually in the course of 3 hours. 10 per cent sodium 
hydroxide solution was used to keep the mixture alkaline; vigor- 
ous shaking and boiling were continued during the entire period. 
The contents of the flask were filtered hot before acidification. 
By fractional crystallization from chloroform and hot water, 
triphenylacetyl glycocoll was separated. Final purification was 
made by dissolving in methyl alcohol and again washing with hot 
water. 3.1 gm. of the substance were obtained in the form of 
rhombic crystals. Dried in vacuo at 40°, it melts at 202-204°. 
It is almost insoluble in water, but soluble in ether, chloroform, 
and methyl alcohol. 


Kjeldahl Analysis for Nitrogen. 
0.1480 gm. substance required 4.2 cc. 0.1 N acid; 3.97 per cent N. 
0.1519 “ - = a" a3" * se * “= ™ 
Calculated for C2H:sO03N. N 4.06. 


Micro Analysis for Hydrogen and Carbon. 


10.12 mg. substance gave 5.013 mg. H.0; 5.50 per cent H. 


10.10 “ “ “-* * @6* ©: 
6.60 “ . “ 18.546 “ CO; 76.64 “ “ C, 
5.012 “ “ "ae * * we « 


Calculated. H 5.51, C. 76.52. 


Triphenylacetic acid was fed by stomach tube in the form of 
colloidal suspension of the sodium salt to young rabbits in } gm. 
doses on alternate days. The dose was later increased to 1 gm. 
Total, urea, and ammonia nitrogen, and inorganic, ethereal, and 
neutral sulfur were determined daily. The urine, collected for 
48 hours after feeding 1 gm. of triphenylacetic acid to each of two 
rabbits on 2 consecutive days, was neutralized, evaporated, 
acidified to Congo red, and extracted in a rotary extractor succes- 
sively with ether, chloroform, and ethyl acetate. Only 1.2 gm., 
30 per cent, of the free acid were recovered. Examination of the 
feces yielded an ether extract from which 0.25 gm. of triphenyl- 
methane, m.p. 92°, was obtained. 

After feeding 1 gm. of triphenylacetic acid to a rabbit, the urine 
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was collected for 48 hours and acidified to Congo red. The white 
precipitate was extracted with ether, dissolved in 10 per cent 
sodium hydroxide, the solution was filtered, and the filtrate was 
reprecipitated with 50 per cent sulfuric acid. 0.65 gm. (65 per 
cent) of triphenylacetic acid was recovered. 

A dog of 20 kilos, kept on a bread and milk diet during feeding 
and collection, was fed 2 gm. of triphenylacetic acid in one dose, 
as solution of the sodium salt by means of stomach tube. The 
dog was nervous and without appetite for 3 or 4 hours. The 
urine for 48 hours after the feeding was acidified with 2 per cent 
of its volume of concentrated sulfuric acid and extracted twice 
for 2 hour periods with 500 cc. of ether in a commercial electric 
shaker. 1.12 gm. of triphenylacetic acid were recovered. 


Triphenylmethane. 


On account of its insolubility in water, this substance was fed 
as & suspension in evaporated milk or when fed to rabbits was 
simply mixed with bran. 

Doses of 4 and 1 gm. produced no toxic effect on rabbits of 
7 months and later healthy rabbits of 11 months were able to take 
4 gm. per day quite comfortably. All urine tests were negative, 
except for a faint Millon. 1 gm. of triphenylmethane was fed 
to each of two rabbits on 2 consecutive days. The urine was 
collected for 48 hours after the last feeding and extracted in the 
usual way for ten 3 hour periods with 95 per cent ethyl acetate. 
After repeated crystallization from hot alcohol, 1.1 gm. of tri- 
phenylmethane, 27.5 per cent of the amount fed, were recovered. 
Examination of the feces failed to indicate more than traces of the 
unchanged substance. 

6 gm. of triphenylmethane were fed to a dog in 3 gm. doses on 
2 successive days. The urine collection gave a faint reduction 
with Benedict’s reagent. When treated in the manner described 
above, it yielded 2.1 gm. of triphenylmethane, or 35 per cent of 
the amount fed. The feces were not examined. 


Triphenylcarbinol. 


Rabbits were fed doses of 2 gm. of triphenylearbinol with no 
noticeable effects. Nitrogen and sulfur determinations made on 
the urine showed little deviation from normal. 
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A rabbit was fed 4 gm. of triphenylearbinol in 2 gm. doses on 
successive days. The urine was collected for 60 hours after the 
last feeding and extracted in the usual manner. Only the merest 
trace of triphenylcarbinol was found. The ether extract of rab- 
bit urine after a feeding of a 2 gm. dose of the substance gave a 
yield of approximately 0.25 gm. of the unchanged substance. 
Apparently most of the material on account of its insolubility 
went through unchanged into the feces. 

After feeding 5 gm. to a rabbit the feces were collected for a 
period of 7 days then repeatedly extracted with ether. In the 
ether extract 1.5 gm. of the unchanged substance were found. 
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COD LIVER OIL CONCENTRATE. 


ITS VALUE AS AN ANTIRACHITIC AGENT WHEN INJECTED 
SUBCUTANEOUSLY.* 


By BENJAMIN KRAMER, SIDNEY D. KRAMER, DAVID H. 
SHELLING, { anp M. J. SHEAR. 


(From the Harry Caplin Pediatric Research Laboratory, The Jewish Hospital 
of Brooklyn, New York.) 


(Received for publication, December 2, 1926.) 


Attempts to cure rickets by subcutaneous injection of cod liver 
oil or its concentrate were unsuccessful in the hands of Zucker 
and Matzner (1) and Lesné and Vaglianos (2). The former used a 
cod liver oil concentrate dissolved in olive oil and the latter em- 
ployed cod liver oil itself. The failure to cure rickets by this 
means led them to conclude that the antirachitic factor acts 
exclusively through the gastrointestinal tract. Soames (3) ob- 
tained moderate healing of rickets within 21 days when cod 
liver oil was injected into rachitic rats, either subcutaneously or 
intraperitoneally. At autopsy most of the oil was found un- 
absorbed. 

Hess, Weinstock, and Hellman (4), however, were successful 
in curing experimental rickets with aqueous suspensions of 
irradiated cholesterol injected subcutaneously. Wilkins and 
Kramer (5) produced healing in the bones of two children suffering 
with active rickets by injecting a concentrate of cod liver oil 
dissolved in ether. 

The latter findings suggested that the failures attributed to the 
subcutaneous route do not depend so much upon the inactivity 
of the injected substance as upon the solvent used. The following 
observations, although primarily intended as a study of the 
potency of cod liver oil concentrate, shed some light on thg dis- 


* A preliminary report of this investigation appeared in Proc. Soc. Exp. 
Biol. and Med., 1926, xxiv, 51. 
+ Harry Caplin Research Fellow. 
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crepancies just cited. The experimental results indicate that a 
cod liver oil concentrate dissolved in ether and injected subeu- 
taneously cures experimental rickets in rats. The same material, 
when injected with palmitin as the solvent, may yield entirely 
negative results. 

EXPERIMENTAL. 


The material used was a non-saponifiable concentrate of cod 
liver oil prepared according to the method of Dubin and Funk 
(6), and kindly supplied to us through the courtesy of Dr. Harry 
E. Dubin of the H. A. Metz Research Laboratories. Before any 
fractionation was attempted the concentrate was tested and found 
to be biologically potent, curing experimental rickets within 14 
days in amounts equivalent to 2 cc. of cod liver oil per rat for the 
entire period (Table 1). It also gavea strongly positive reaction 
with the aniline-hydrochloric acid reagent of Shear (7). 

The further concentration of the non-saponifiable fraction of 
cod liver oil was carried out according to Drummond, Channon, 
and Coward (8), except that the entire procedure was executed 
in the open. A weighed amount of the crude fraction was ex- 
tracted with twice its weight of hot methyl alcohol and allowed 
to cool. It was then filtered and washed several times with cold 
methyl alcohol until the cholesterol precipitate was only slightly 
yellow. The washings were added to the first filtrate and the 
whole evaporated on a steam bath until all the alcohol was driven 
off, leaving a yellow oily residue. This was marked Concentrate A. 

A weighed portion of this oily substance was taken up in ethyl 
alcohol to make a 1 per cent solution, and the cholesterol removed 
with a 1 per cent solution of digitalin. The excess digitonin was 
removed by the method of Lifschiitz (9), which consists essen- 
tially, in first diluting this alcoholic filtrate with a large amount 
of water and then shaking out with ether. The ether solution 
was subsequently washed 3 times with water. The ether-alcohol 
layer obtained from this last step was run into a weighed beaker, 
the solvents evaporated off, and the beaker again weighed. The 
brownish yellow oily residue obtained was marked Concentrate B. 

Several samples of the crude non-saponifiable fraction were 
treated as outlined above and the yields of the fractions obtained 
were calculated and found to be approximately alike. A single 
example will serve to illustrate: 8.685 gm. of the crude concen- 
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trate used yielded 2.889 gm. of Fraction A and 2.234 gm. of Frae- 
tion B; that is, about 25 per cent of the non-saponifiable material 
is not precipitated by digitonin. Nelson and Steenbock (10), 
using petroleum ether and removing the excess of digitonin by 
cholesterol, obtained a 50 per cent yield from the non-saponifiable 
fraction of cod liver oil. However, the method they employed 
in removing the excess digitonin differed from ours in that it 
necessitated the addition of cholesterol. Although our Fraction B 
still gave a Liebermann-Burchard reaction, it does not follow that 
it must have contained cholesterol, since derivatives of choles- 
terol react toward this reagent more strongly than cholesterol 
itself in a slightly modified form. 

The fractions obtained were dissolved in a definite amount 
of ether and the cod liver oil equivalent calculated. Both Con- 
centrates A and B gave a positive reaction with aniline-hydro- 
chloric acid. For the biological experiments the test materials 
protected by an oil were incorporated in the diet or injected sub- 
cutaneously using ether or palmitin as a vehicle. 

Some difficulty was experienced at first in the use of ether as a 
vehicle for injection. It was found that if more than } cc. of 
ether was used for a rat weighing about 40 gm. the animal either 
died or became sick. In later experiments, care was exercised to 
concentrate the material so that the amount of ether injected did 
not exceed } cc., and wherever possible larger rats were chosen for 
the tests. 

Rats from our own stock were put on the Steenbock Diet 
2965 when they were 22 to 37 days of age. They were kept on 
this diet until a severe rickets was produced, at which time they 
were weighed, injected with the test material, or fed on the rickets- 
producing diet into which the test material had been incorporated. 
At the expiration of the test period the animals were weighed 
and autopsied. Sections of the upper part of the tibiz were im- 
mersed in 1 per cent AgNO; solution and observed under the 
binocular microscope for presence or absence of calcification in 
the provisional zone of cartilage and metaphysis. 


Results. 


The experimental results are tabulated in the accompanying 
tables. From Table I it is seen that the non-saponifiable fraction 
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of cod liver oil incorporated in oil when added to a rickets-pro- 
ducing diet cured experimental rickets in rats when fed in amounts 
equivalent to 2 cc. of cod liver oil per rat for the entire test period. 
Concentrate A or the non-saponifiable fraction from which the bulk 
of cholesterol has been removed by methyl alcohol is equally po- 
tent when injected subcutaneously in ether solution. Table II 
indicates that the cholesterol-free fraction of cod liver oil or Con- 
centrate B still possesses antirachitic properties when administered 
orally or injected subcutaneously in ether solution. However, 
when the same concentrate was injected subcutaneously with 
palmitin as the solvent only one out of six rats showed the slight- 
est amount of calcification in one or two tongues of cartilage, while 
the remaining five did not exhibit the slightest evidence of healing. 
The solvents used were found to be inactive when injected or 
given orally. 


DISCUSSION. 


After summarizing the various hypotheses that have been ad- 
vanced to explain the action of cod liver oil and the experimental 
data in support of these theories, Schloss (11) concludes as follows: 
“Sicher nachgewiesen ist bisher jedenfalls nur die Darmwirkung 
und zur Not sind wir imstande, damit allein den therapeutischen 
Erfolg in der Hauptsache zu erkliren.”’ 

This conclusion is supported by the fact that the administration 
of cod liver oil to rachitic children produces a marked diminution 
in the excretion of calcium and phosphate in the feces. The work 
of Zucker and Matzner and that of Lesné and Vaglianos referred 
to above, in which cod liver oil was shown to be ineffective when 
administered parenterally, also support this contention. How- 
ever, the very careful studies of Orr, Holt, Wilkins, and Boone 
(12) clearly prove that an agent which acts parenterally (ultra- 
violet irradiation) may affect the excretion of calcium and phos- 
phorus in exactly the same way as cod liver oil does when given by 
mouth. The observations of Hess, Weinstock, and Hellman, as 
well as those of Wilkins and Kramer and our own indicate 
that the antirachitic factor when injected subcutaneously pro- 
duces healing of the rachitic process. This consists not only 
in a deposition of bone-forming salts but if the treatment is suffi- 
ciently prolonged, there is a disappearance of the metaphysis and 
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the tongues of cartilage so that eventually the normal osseous 
architecture is reestablished. This speaks for an effect other than 
that exerted in the gastrointestinal tract. It might be argued that 
the active principle may find its way from the point of injection 
into the intestine. However, there is no evidence in support of 
such a contention. 


CONCLUSIONS. 


1. A cholesterol-free concentrate prepared by the method de- 
scribed was found to be as potent as cod liver oil itself in amounts 
equivalent to the original oil. 

2. The concentrate when injected subcutaneously in an ether 
solution cured experimental rickets in rats. 

3. The same concentrate is inactive when injected subcutane- 
ously with palmitin as the solvent. 
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CHANGES IN THE SUGAR, INORGANIC PHOSPHORUS, 
AND LACTIC ACID OF ANIMAL AND HUMAN 
BLOOD AFTER ADMINISTRATION OF 
INSULIN AND OF GLUCOSE. 


By ICHIRO KATAYAMA anp JOHN A. KILLIAN. 


(From the Department of the Laboratories, New York Post-Graduate Medical 
School and Hospital, New York.) 


(Received for publication, November 12, 1926.) 
INTRODUCTION. 


In a recent paper Briggs, Koechig, Doisy, and Weber (1) have reported 
a decrease in the concentration of glucose, inorganic phosphorus, and 
potassium in the blood of normal animals after insulin. There was ob- 
served a parallel increase in the lactic acid from 100 to 400 per cent of the 
control figure, apparently formed from glucose under the influence of in- 
sulin. The animals were not anesthetized and some developed convulsions, 
but the authors believe that the increased muscular activity played no part 
in the observed production of lactic acid. On the other hand Best and 
Ridout (2) state that the lactic acid of dogs does not significantly increase 
during insulin hypoglycemia except when this condition is associated with 
extreme asthenia or increased hyperirritability of the neuromuscular 
system. Cori (3) has also found that insulin hypoglycemia produced no 
definite changes in the lactic acid content of the blood of either fasting 
rabbits or cats. Moreover the blood lactic acid of phlorhizinized rabbits 
and depancreatized cats was not influenced by the insulin, although the 
blood lactic acid was markedly increased by insulin convulsions. Tolstoi, 
Loebel, Levine, and Richardson (4) conclude from their observations on the 
bloods of diabetics that insulin does not act by converting glucose into lac- 
tic acid. Although the insulin caused a rise in the blood lactic acid, the 
effect was far from constant. There was observed no quantitative relation 
between the blood sugar decrease and the lactic acid produced. Moreover 
adrenalin produced a hyperglycemia accompanied by an increase in the 
lactic acid. These authors believe the rise in lactic acid might be due to a 
local asphyxia. Both insulin and adrenalin lowered the inorganic phos- 
phorus of the blood. 

Wigglesworth, Woodrow, Smith, and Winter (5) report a rapid fall in 
the inorganic phosphorus of the blood of rabbits following the injection of 
insulin, and this low level was maintained for many hours after the relief 
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of the insulin convulsions by glucose. The total acid-soluble phosphorus 
was very little altered. Striking variations in the excretion of phosphate 
following the ingestion of sugar or insulin administration to dogs have been 
noted by Sokhey and Allan (6). Changes in the inorganic phosphorus of 
the blood and urine of normal and diabetic subjects after ingestion of 
glucose accompanied by the intravenous administration of insulin have 
been studied by Perlzweig, Latham, and Keefer (7). A marked decrease in 
the inorganic phosphorus of the blood was found and a simultaneous fall 
in the rate of excretion of phosphate in the urine. Similar observations 
have been reported by Blatherwick, Bell, and Hill (8) who have noted that 
insulin administered to normal individuals before glucose ingestion causes 
a pronounced decrease in the inorganic phosphorus of the blood. At the 
same time the rate of excretion of phosphorus in the urine is diminished. 
These changes were seen during the period of the hypoglycemia. 

The results of their observations upon human subjects and rabbits have 
led Harrop and Benedict (9) to the conclusion that during active carbo- 
hydrate assimilation there was a shift in the mobile phosphate stores of 
the body. This shift was indicated by a lessened phosphate excretion in the 
urine, a decreased concentration in the blood during this period, and a 
phosphate retention in the muscle tissue. The phosphate stored in the 
muscle tissue was later released. The shift of phosphates following insulin 
injection, these authors found to be a constant phenomenon. Kay and 
Robison (10) have shown that after insulin administration phosphoric esters 
are synthesized in the corpuscles at the expense of inorganic phosphate 
originally present in the blood plus additional phosphate drawn from other 
tissues. The experiments of Audova and Wagner (11) also demonstrate a 
retention of phosphate in the muscles after insulin. However, Sokhey and 
Allan state that the study of the lactacidogen and inorganic phosphate 
content of rabbit muscle after insulin and insulin with sugar has not con- 
firmed the conclusions of Harrop and Benedict, nor those of Audova and 
Wagner. 

The recently reported experiments of Cori and Cori (12) are of interest 
in connection with Harrop and Benedict’s observations on the phosphate 
retention in the muscle tissue after insulin. Cori and Cori noted that in- 
sulinized rats stored less glycogen and oxidized more glucose than the 
controls receiving similar amounts of glucose. In the insulinized rats there 
was less liver glycogen deposited, and this difference in liver glycogen 
accounted for the difference in the total glycogen of the two groups of rats. 
But the insulinized animals deposited in the rest of the body tissues, chiefly 
the muscles, the same amount or even more glycogen than the normal 
animals. 

Elias and Weiss (13) have demonstrated a definite effect upon carbo- 
hydrate metabolism of phosphate administrations. The intravenous in- 
jection of hypertonic solutions of NaH,;PO,4 and Nas:HPO, produced a de- 
crease in the blood sugar in diabetic and alimentary hyperglycemias, while 
the normal blood sugar remained unchanged. The blood sugar fall was ac- 
companied by a diminished sugar excretion; the fall in blood sugar per- 
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sisted for 2 to 4 hours, and the urine sugar sometimes for 3 days. Kolod- 
ziejska and Funk (14) have studied the influence of insulin upon the total 
phosphorus metabolism of rats. They note that the total phosphorus 
metabolism remains unchanged. The bodies of the insulinized rats when 
analyzed in toto showed no variations in their phosphorus content from 
that of the controls maintained on the same diet. The changes in the phos- 
phorus of the blood and urine observed by all workers after insulin admin- 
istrations were confined to very short intervals, and such changes would 
be obscured in specimens of urine or feces collected over long intervals, 


The evidence presented in the literature appears to lend further 
proof to the hypothesis that an intermediate phosphate compound 
with carbohydrate is formed in the utilization of glucose sub- 
sequent to glucose or insulin administration. However, there is 
an apparent contradiction in the reported data on the changes in 
the blood lactic acid associated with insulin hypoglycemia. The 
object of the experiments reported here was to determine the 
relation of the changes in lactic acid to variations in the inorganic 
phosphorus and sugar of the blood in rabbits and human subjects, 
normal and diabetic. It is significant, we believe, that the litera- 
ture contains no observations on the influence of insulin on the 
lactic acid of man except for the incomplete data of Tolstoi, 
Loebel, Levine, and Richardson. 


EXPERIMENTAL. 


As a preliminary to the observations on human subjects it was 
deemed wise to repeat some of the experiments on animals. For 
this purpose twelve rabbits were used, averaging in body weight 
2 kilos. Of these, seven were anesthetized with ethyl urethane; 
enough of the urethane in a 50 per cent solution was given in a 
subcutaneous injection (2 cc.) to produce muscular relaxation 
without a deep coma. When the rabbits showed definite evidence 
of the anesthesia (about 90 minutes), six received the insulin,' 
one did not. The remaining animals (five) were not anesthetized. 
In all cases the control bloods were obtained after a 24 hour fast, 
and during the experiments all food was withheld. The blood was 
drawn from the ear veins and analyzed immediately. The blood 
sugar was determined by the method of Folin and Wu, and the 


1 The insulin used was that manufactured and placed on the market by 
Eli Lilly and Company, under the trade name of iletin. 
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TABLE I. 
1 Blood. 
— Time. 2 Remarks, 
—~ - Suser. | Lactic 
Sugar. | acid. 
progeny mg. per as 
100 cc. 100 ce. 
1 | 12.10p.m./ 124 | 12.6 | 12.15 p.m. 2 ce. of 50 per cent ure- 
ee 125 13.1 | thane injected. 
a | 121 17.6 
4.15 115 13.6 
2 1.40 p.m. 115 16.4 | 10.00 a.m. 2 cc. of 50 per cent ure- 
3.40 “ 75 17.0 thane injected. 1.40 p.m. 2.5 
5.40 ‘ 66 17.0 | units insulin per kilo injected. 
7.00 “* 55 20.1 | No convulsions. 
3 | 11.30am.] 121 16.3 | 10.00 a.m. 2 ce. of 50 per cent ure- 
| 1.30 p.m. 64 16.6 thane injected. 11.30 am. 2.5 
3.30 “ 76 units insulin per kilo injected. 
| 5.30 “ | 9 | 16.4 | No convulsions. 
4 12.00 m. 109 26.5 Control. During urethane anes- 
1.25 p.m.; 101 31.9 thesia 12.15 p.m. 10 units insulin 
23 “ 54 23.8 per kilo injected. No convulsions. 
3.30 “ 34. | 29.7 
5 | 12.15 p.m 130 | 18.9 | Control. During urethane anesthesia 
i 38 20.2 12.20 p.m. 5 units insulin per kilo 
2.15 “ 35 | «(26.1 injected. No convulsions. 
| | 
_ et : | ——__— a 
6 | 11.55 a.m. 125 | 24.7 Control. During urethane anes- 
| . ~ . . . 
| 1.20 p.m. 65 19.3 thesia 12.00 m. 2.5 units insulin 
2:33 “* 53 25.7 per kilo injected. No convul- 
| 3.20 47 28.3 vulsions. 
4.20 50 | 21.2 | 
eae <n —|—-—- | ———- $$. 
7 | 11.00 a.m. 130 | 20.3 | Control. During urethane anes- 
| 12.00 m. 59 18.5 | thesia 11.00 a.m. 1 unit insulin per 
1.05 p.m. 35 22.0 | kilo injected. No convulsions. 
2.03 40 21.2 | 
8 | 10.20a.m.| 126 18.9 | 10.30 a.m. 2.5 units insulin per kilo 
| 12.30 p.m. 68 20.1 | injected. 2.00 p.m. convulsions 
2.30 “ 35 19.4 | (mild). 
4.30 “ 31 | 19.4 
9 | 11.00 a.m.} 125 15.1 11.20 a.m. 2.5 units insulin per kilo 
1.20 p.m. 51 | 14.5 injected. 1.30 p.m. convulsions 
3.2 “ 113 25.8 (mild). Died. 
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TABLE I—Concluded. 











' Blood. 
Rabbit Time. Remarks. 
No. | « Lactic | 
Sugar. | ‘acid. 
mg. per mq. per 
100 cc. 100 ce. 
10 | 11.00 a.m.| 120 15.6 | 11.20 a.m. 2.5 units insulin per kilo 
1.20 p.m. 30 17.3 | injected. 1.20 p.m. convulsions 


3.20 “ 120 20.8 (mild). Died. 





12.30 p.m. 35 25.8 injected. No convulsions. 
2.30 ‘ 113 43.4 








12.3 | 10.30 a.m. 2.5 units insulin per kilo 


| 

11 | 10.20a.m.] 113 28.3 | 10.30 a.m. 2.5 units insulin per kilo 
| 

12 | 10.20a.m.| 105 | 











12.30 p.m. 48 | 30.2 injected. No convulsions. 
2.30 “ 47 | 28.6 
4.30 ‘ 55 | 28.3 





procedure described by Clausen was utilized for the lactic acid 
estimations, with potassium permanganate as the oxidizing agent. 
During the 4 hours of urethane anesthesia in Rabbit 1 (Table I) 
no significant change is noted either in the blood sugar or the 
lactic acid. The amount of insulin administered to the animals 
varied from massive doses of 10 units to 1 unit per kilo of body 
weight. In all instances a hypoglycemia followed the insulin 
administration, and in four cases (Rabbits 3, 9, 10, 11) there was a 
subsequent return of the blood sugar to normal. No convulsions 
developed in the anesthetized animals during the period of observa- 
tion for which the results are reported in Table I. Of the un- 
anesthetized rabbits, three showed convulsions at the time of the 
hypoglycemia, and two did not. Considerable variation is 
evident in the lactic acid content of the control bloods, ranging 
from 12.3 to 26.5 mg. per 100 ce. Following the insulin adminis- 
tration all rabbits showed some increase in the blood lactic acid; 
however, the increases are not uniform. The maximum concen- 
tration of lactic acid does not correspond in time with the maxi- 
mum decrease in blood sugar. Moreover there appears to be no 
quantitative relation between the rise in the blood lactic acid and 
the drop in blood sugar. However, such a relation is not to be 
expected if the hypothesis is correct that lactic acid is an inter- 
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mediate product in carbohydrate metabolism. It is evident that 
from these data no conclusion can be deduced. 

The influence of insulin upon the lactic acid, inorganic phos- 
phorus, and the sugar of the blood has been studied in three normal 
individuals. The data are presented in Table II. A 16 hour fast 
preceded these observations. No food was consumed during the 
experiments but water drinking was permitted. Definite hypo- 
giycemias were produced in all three cases, but the hypoglycemia 
was free from all clinical symptoms. The subjects remained at 
rest in bed throughout the experiments. In case 8. B. the blood 
sugar dropped from 104 to 51 mg. per 100 cc. in 3 hours, and then 


TABLE II, 


Influence of Insulin upon Sugar, Lactic Acid, and Inorganic Phosphorus of 


Blood of Normal Adults during Fasting State. 





Subject A. C. Subject S. B. | Subject J. B. 
we artic | mor artic | lnor- 
Sugar —_ Sugar. — | ganic | Sugar. —_ ganic 

° é - | P. E: d. P. 
OS” eee $4 10.1 | 104 13.8 4.3 93 10.1 4.2 
Insulin, 10 units. 

int Br...... cna 105 8.0 | 93 20.9 1.0 S+ 18.6 4.3 
2nd “ oe 73 26.8 71 16.4 4.0 78 23.7 4.0 
3rd “ ee 76 | 34.7 51 17.5 3.9 72 31.7 4.4 
4th “ mee 81 27.2 | 60 19.4) 4.5] 66 | 23.9] 4.3 
5th “ 69 | 39.2] 71 9.8]; 4.3] 68 19.9} 4.5 


Figures are for mg. per 100 cc. of blood. 





returned towards normal. In the other two cases the decrease in 
blood sugar was much less rapid. 

Clausen (15) at the time of the description of his technique 
established as the provisional range of figures for the lactic acid 
of normal human blood 15 to 32 mg. per 100 cc. Nishimura (16) 
has emphasized some of the possible sources of error in the method, 
and has reported the lactic acid of normal human blood varying 
from 11 to 18, with an average of 15 mg. per 100 cc. In these 
experiments the subjects were maintained completely at rest for 
an hour before the control blood was drawn and throughout the 
entire period of the experiment. In drawing the blood stasis was 
prevented by avoiding the use of a tourniquet. 
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In all instances an increase in the blood lactic acid followed the 
administration of 10 units of insulin. The maximum figure 
obtained was 2 to 3 times the control concentration. In two 
subjects a decrease in the inorganic phosphorus of the blood serum 
was noted with a subsequent rise. In one instance (J. B.) the 
minimum inorganic phosphorus of the blood precedes in time the 
maximum lactic acid concentration. In the experiments of 
Harrop and Benedict the influence of insulin upon the inorganic 
phosphorus of the blood serum was much less striking than its 
effect upon phosphate excretion in the urine. Their data show 
that on the days during which insulin was given, there was a 
reduction in phosphate excretion throughout the hours in which 

TABLE III. 


Influence of Insulin after Breakfast upon Sugar and Lactic Acid of Blood of 
Diabetics. 














| Subject P.G. | SubjectP.F. | Subject I. 8. 
| Somer Lactic — Lactic | a Lact i 
cougar. acid, wag. acid. | wage. } acid, 
Control..............| 517 14.8 | 185 30.1 | 286 | 123 
Insulin, 15 units. | 
ee oe | 441 19.1 250 40.0 322 17.5 
oe | 319 23.8 | 235 43.6 | 263 16.4 
we .. em | 273 20.2 160 49.0 | 231 26.5 











Figures are for mg. per 100 ce. of blood. 


the insulin was active. A great increase in the urinary excretion 
of phosphate took place during the following night when the 
effect of the insulin had ended. 

The influence of insulin upon the lactic acid of the blood in 
diabetes was first studied in three subjects (Table III) who re- 
ceived 15 units of insulin preceding a breakfast containing 15.2 
gm. of protein, 57.5 gm. of fat, and 23.3 gm. of carbohydrate. At 
hourly intervals thereafter for 3 hours specimens of blood were 
obtained. It is seen that the insulin effects a reduction in the 
blood sugar accompanied by a rise in the lactic acid. The rise in 
the lactic acid varies from 36 to 115 per cent of the control figure. 
In these observations, it is not possible to determine how much of 
the increase in the lactic acid is due to the breakfast and how much 
depends upon the insulin. 
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An attempt was made to compare the influence of insulin on 
the blood lactic acid with that of glucose. Mendel, Engel, and 
Goldscheider (17) have observed no change in the lactic acid of the 
blood after the ingestion by mouth of 50 and 75 gm. of glucose in 
two cases. Katayama (18), however, has found that glucose taken 
by mouth (1.75 gm. per kilo of body weight) is followed by a rise 
in the lactic acid of the blood, and this rise is greater in individuals 
with normal tolerance for carbohydrate than in those with a 
diminished tolerance. The subjects of the experiments reported 
here were three individuals (Table IV), one of whom had a normal 


TABLE IV. 
Lactic Acid of Blood of Normal Subjects after Glucose and Glucose with 
Insulin. 





Subject R. H. Subject A. B. Subject S. P. 











Sugar. —_ Sugar. —_ Sugar. —_ 
Control. 98 | 106 | 104 | 10.3 | 113 | 15.1 
SE leer 97 gm. 140 gm. | 84 gm. 
Ist hr. ; 134 11.7 | 198 14.8 | 221 19.3 
BN asics wa 119 | 36.9 166 | 33.7 | 183 | 25.6 
Glucose.. 50 gm. 50 gm. | 50 gm. 
Insulin. (30 minutes | | | | | 
later).. ae 10 units. 10 units. 10 units. 
Ist hr. .. | 100 | 52.6 141 | 68.8 | 155 31.1 
me” .. ; 90 91.3 76 100.3 125 33.3 
aed “ . ian 114 99.4 115 | 81.4 122 45.4 





Figures are for mg. per 100 cc. of blood. 


tolerance for glucose, the other two (A. B. and 8. P.) a moderately 
diminished tolerance. All received glucose by mouth in a 50 
per cent solution, 1.75 gm. per kilo of body weight. Changes in 
blood sugar and lactic acid were followed for 2 hours, then 50 gm. 
of glucose were ingested and 10 units of insulin administered. All 
three cases show an increase in the blood lactic acid after the 
glucose, but following the insulin administration the increase in 
lactic acid is markedly greater, 2 to 3 times that observed after the 
glucose alone. In subject S. P. it is seen that the glucose produces 
a persistent hyperglycemia, with an increase in lactic acid less than 
the other two cases. Also after insulin in 8. P. the decrease in 
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n on TABLE V. 
and Lactic Acid of Blood of Diabetics after Glucose, and after Insulin. 
f the | Blood. 
se in Subject. Hour. | 
‘ | Sugar. Lactic acid. | Inorganic P. 
ken — 
rise | “tec. | ‘1000. | ‘100ce. 
uals 1. T. MeA. | Control. 141 10.3 | 5.0 
h a Age, 1l yrs. M. | Glucose, 56 gm. 
rted | Ist. 238 10.1 4.2 
mal | 2nd. Pee 344 12.1 4.0 
Insulin, 15 units. 
Ist. 275 15.1 3.0 
th | 2nd. 144 32.5 3.6 
3rd. 59 36.8 3.8 
_ 2. V. V. | Control. 319 10.1 3.3 
7 Age, 29 yrs. M. | Glucose, 134 gm. 
tie, | 1st. | 428 9.4 3.5 
. | 2nd. | 472 19.4 3.3 
7 | Insulin, 20 units. | 
| Ist. | 428 26.9 3.2 
3 2nd. | 322 26.4 2.9 
. | 3rd. | 288 46.5 3.3 
&. &.. &. Control. | 192 36.6 5.0 
Age, 32 yrs. F. | Glucose, 103 gm. | 
Ist. 282 49.7 4.8 
2nd. | 326 26.4 4.4 
3 | Insulin, 15 units. 
t | Ist. | 306 46.8 | 4.3 
wis 2nd. | 262 45.9 3.2 
| 3rd. | 214 69.5 | 3.2 
ly 4. JL. | Control. | 86 2.7 | 3.2 
5 Age, 47 yrs. M. | Glucose, 111 gm. | 
: Gangrene of foot. | Ist. | 155 7.1 | 3.6 
= 2nd. | 280 408 | 3.6 
n. Insulin, 20 units. | | 
u Ist. | 234 | 414 | 3.6 
1e 2nd. 9% | 349 | 39 
in aS eee 3rd. an 45.5 _| 4 4 — 
1e 5. C. J. Control. | 248 | 19.7 
1g Age, 25 yrs. M. Glucose, 50 gm. | 
. | Sok 349 | «228.3 | 
2nd. | 405 | 37.3 | 
n 3rd. |} 300 | 34.6 | 
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TABLE V—Concluded. 



































: | | Blood. 
Subject. Hour. | 
| Sugar. Lactic acid. | Inorganic P. 
| mg.per | mg. per mq. per 
100 ce. 100 ce, 100 ce, 
5. C. J.—Continued.| Insulin, 15 units. 
Age, 25yrs. M. | Ist. 297 | 28.4 
| 2nd. 192 | 35.5 
| 3rd. 94 | 34.9 
| 4th. 92 | 38.2 
6. A. R. | Control. 278 13.3 
Age, 58 yrs. F. | Glucose, 94 gm. 
Ist. 500 27.4 
2nd. 667 30.2 
| Insulin, 25 units. 
| Ist. 601 31.9 
2nd. 256 36.4 
| 3rd. 106 50.9 
7. Os Control. 380 55.4 
Age, 9 yrs. M. | Glucose, 37 gm. 
Ist. 536 84.8 
2nd. 759 28.2 
Insulin, 20 units. 
| Ist. 536 110.8 
|} 2nd. 294 52.0 
| 3rd. 106 21.9 








blood sugar and the rise in lactic acid are much less than the cor- 
responding changes in R. H. and A. B. 

Similar observations have been made upon seven diabetics 
and these results are presented in Table V. Subjects 1 and 4 
(T. McA. and J. L.) were mild, and the remainder moderately 
severe cases of diabetes. Subjects 3 and 4 (L. G. and J. L.) show 
unusually high concentrations of lactic acid in the control bloods, 
due, we believe, to an associated infection. The ingestion of the 
glucose produced a persistent hyperglycemia and a rise in the 
lactic acid in all instances. The increase in lactic acid, however 
is not as great as that observed in Table IV after glucose. In 
Subjects 1 and 3, the blood phosphorus was decreased, but in two 
others, Nos. 2 and 4, a slight increase was noted. Perlzweig, 
Latham, and Keefer have noted in diabetics that the glucose or 
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insulin did not cause a retention of phosphate, especially when 
the blood sugar curves and the respiratory exchange indicated 
that there was no increased catabolism of carbohydrate. In two 
of the subjects reported by Blatherwick, Bell, and Hill there is 
seen a slight rise in the inorganic phosphorus of the blood after 
glucose ingestion. Katayama has also reported an increase in the 
blood phosphorus after glucose in some instances. 

The injection of the insulin produces a decrease in the blood 
sugar, accompanied by a rise in the blood lactic acid. This 
increase in the lactic acid, despite the larger doses of insulin, is not 
as great as that found in the non-diabetic cases of Table IV. 
With the exception of Subject 7 (J. B.), in all of the diabetics the 
maximum figure for the lactic acid corresponds in time with the 
minimum blood sugar. In J. B. the lactic acid of the control 
blood is about 5 times the normal figure and rises promptly after 
the glucose. Following the insulin we again obtained a precipitate 
increase in the blood lactic acid, the maximum concentration 
appearing at the end of the Ist hour. Inthe subsequent specimens 
of blood there is a steady decrease in both the lactic acid and the 
sugar. This patient at all times appeared to be in an unstable 
state of carbohydrate metabolism. His response to insulin 
therapy was always prompt and greater than that of other 
diabetics. 1 unit of insulin would decrease the blood sugar about 
40 mg. per 100 ce. in 4 hours. His tolerance for carbohydrate was 
very low; however the respiratory quotient was 0.78, and the 
basal metabolism 2 per cent above the DuBois standard. There 
appears to be no quantitative relation between the drop of blood 
sugar and the increase in lactic acid. In Subject 4 (J. L.) the blood 
sugar decrease in 3 hours amounts to 222 mg. per 100 cc. but the 
rise in lactic acid totals only 4.7 mg., about 1 per cent of the 
original concentration. On the other hand, in Subject 1 (T. 
McA.) a fall in blood sugar of 285 mg. is accompanied by a lactic 
acid increase of 24.7 mg. In both of these instances the insulin 
produced hypoglycemias. 

The inorganic phosphorus of the blood falls after the insulin in 
three of the diabetics, but in Subject 4 (J. L.) a slight increase is 
noted. We are at a loss to explain this rise in the inorganic 
phosphorus. In those instances in which the inorganic phosphorus 
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is diminished the maximum drop in the phosphorus precedes the 
rise in lactic acid. 

All of the observations reported in the tables were made upon 
subjects after a night’s fast of 16 hours, and during the period of 
the experiments no food was consumed. It is possible that the 
food privation may have influenced the results obtained. To 
answer this question, changes in the blood sugar and lactic acid 
of the bloods of three diabetics were followed during the last 
4 hours of a 20 hour fast. The results are reported in Table VI. 
It is evident from these data that the fasting was without appre- 
ciable effect upon the sugar and lactic acid of the blood. 


TABLE VI. 


Changes in Sugar and Lactic Acid of Blood of Diabetic Adults during 
Fasting State. 











| Subject P. G. | Subject P.F. | Subject I. 8, 
Sugar. | Testi? | sugne. | Lactic | sugar. | Lacti 
ee: 461 13.9 | 2 | 25.6 | 306 | 12.0 
ea 500 13.0 | 205 22.9 | 322 15.7 
SRST 500 12.6 183 21.6 | 312 | 15.7 
SD 492 15.7 | 197 21.1 | 273 | 16.6 














Figures are for mg. per 100 cc. of blood. 


DISCUSSION. 


From the data presented in the tables it is evident that insulin 
produces an increase in the lactic acid of the blood of rabbits and 
human subjects. In the animals the changes in concentration of 
lactic acid are very slight in comparison with the drop in blood 
sugar. Insulin, here, was given in massive doses and the drop in 
blood sugar is rapid. Since the increase in lactic acid appears 
in the anesthetized animals without convulsions, it does not seem 
possible that it could be due to an increased activity of the skeletal 
muscles. In both normal and diabetic human subjects a rise in 
the blood lactic acid was consistently noted after insulin adminis- 
tration. The rise seen in normal human blood was significantly 
greater than that found in the diabetics. Glucose ingestion 
(1.75 gm. per kilo of body weight) also elevated the blood lactic 
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acid, but this effect was in all instances less than that observed 
after insulin. Tolstoi, Loebel, Levine, and Richardson contend 
that the change in the lactic acid of the blood after insulin cannot 
be due to lactic acid produced in carbohydrate utilization since it 
does not bear a quantitative relation to the blood sugar loss. 
Such a view does not appear reasonable. In none of our experi- 
ments does the increase in lactic acid account for the drop in blood 
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sugar. If the lactic acid production represents an intermediate 
reaction in the glucose utilization, it is not to be expected that all 
of the lactic acid produced would remain as such in the blood 
stream. With the increased rate of oxidation of the glucose 
produced by the insulin, the lactic acid is readily disposed of. 
The data presented by these authors show a distinct rise in the 
respiratory quotient, and an increase in the carbohydrate me- 
tabolized per hour. Moreover they have reported but one figure 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXXI, NO. 3 





720 Effect of Insulin and Glucose on Blood 


for the lactic acid after insulin, and it is possible that this figure 
does not represent the maximum concentration in the blood. 

That there is an increased rate of oxidation of glucose after 
insulin administration is conclusively established by the work of 
Dudley and Marrian (19), Lyman, Nicholls, and McCann (20), 
and Ringer (21). Cori and Cori have shown that the insulin. 
ized rats oxidize more glucose than control rats. The quotient 











GLUCOSE I406M. INSULIN (OUNITS 








CONTROL IHR 2HR IHR 2HR SHR 
Cuart II, 


glycogen formed 
glucose oxidized 
rats receiving the same amount of sugar. 

Morgulis and Barkus (22) have attempted to make a distinction 
between glycolysis in vitro and insulin hypoglycemia in the fact 
that glycolysis in vitro is accompanied by a production of lactic 
acid, but that no increase in blood lactic acid is found in insulin 
hypoglycemia. These authors present no figures for changes in 





was 1.38 for normal rats and 0.87 for insulinized 
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lactic acid of the blood after insulin; apparently their statement is 
based upon data in the literature. Our observations do not sub- 
stantiate such distinction between glycolysis in vitro and insulin 
hypoglycemia. 

Chart I presents graphically changes in the sugar and lactic acid 
of the blood of a normal individual (A. C., Table II) when insulin 
was administered after a night’s fast. It is evident from the 
graphs that as the sugar diminishes, the lactic acid increases in 
concentration. The maximum figure for lactic acid and the 
minimum for the sugar in this experiment were obtained 5 hours 
after administration of 10 units of insulin. Chart II gives the 
curves for the sugar and lactic acid of a normal individual after 
glucose, followed 2 hours and 30 minutes later by insulin (A. B., 
Table IV). A rise in lactic acid follows the ingestion of the 
glucose, but this is magnified by the insulin. The increase in 
lactic acid here following the insulin is much greater than that of 
Chart I, no doubt because the previous ingestion of glucose 
rendered a greater supply of carbohydrate available for oxidation. 
Here again, the maximum figure for lactic acid corresponds in 
time with the greatest drop in blood sugar. All our observations 
are not as uniform as those presented in the charts. The data of 
Briggs and his associates show graphically the changes in blood 
sugar and lactic acid after insulin administration in dogs. Their 
graph represents the lactic acid reaching the maximum figure at a 
time when the blood sugar is lowest. They have at most but two 
figures for the lactic acid after insulin from 2 to 4 hours apart 
It is quite possible that with more frequent determinations of the 
blood sugar and lactic acid, their curves would not have been as 
smooth as represented in their Fig. 1. 

The changes in the inorganic phosphorus of the blood after 
glucose and after insulin correspond to those reported in the litera- 
ture. In our experiments it has been found that the decrease in 
the inorganic phosphorus of the blood precedes the rise in lactic 
acid. 
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STUDIES OF THE SOLUBILITY OF CALCIUM SALTS. 


I. THE SOLUBILITY OF CALCIUM CARBONATE IN SALT SOLU- 
TIONS AND BIOLOGICAL FLUIDS. 


By A. BAIRD HASTINGS, CECIL D. MURRAY, anp JULIUS 
SENDROY, Jr. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 
(Received for publication, September 2, 1926.) 
INTRODUCTION. 


The biological importance of calcium has been recognized since 
the earliest times, but it has only been comparatively recently, 
through the stimulus afforded by the growing realization of the 
close association between some pathological conditions and dis- 
turbances of the calcium metabolism of the body, that the ele- 
ment calcium has claimed so much attention and study in bio- 
logical fields. Being the only cation, except for small amounts 
of magnesium, capable of forming difficultly soluble salts with 
the common anions present, namely carbonate and phosphate, 
it carries unaided, the burden of furnishing the organism with 
its framework of ossified tissue, the skeleton. However, its 
function and purpose do not cease here. Its effect on nerve 
and muscle permeability and irritability alone would warrant 
more important consideration of the nature of its metabolism. 

The work to be reported in this and subsequent papers does 
not represent an attempt to solve any one particular biological 
problem which is concerned with calcium metabolism, but is 
rather a quantitative investigation of certain biological systems 
in which calcium plays a réle. Before work upon biological 
systems could be interpreted, however, much work was neces- 
sarily carried out on systems of simple composition. These will 
be given in the following order: First, studies of the solubility 
of calcium carbonate in salt solutions and biological fluids; 
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second, studies of the solubility of tertiary calcium phosphate in 

the same systems; third, studies of the solubility of both salts in 

similar solutions. 

Studies of equilibria in heterogeneous systems composed of 
the solid phases, calcium carbonate and calcium phosphate, the 
liquid phases, aqueous solutions of various electrolytes and non- 
electrolytes, and the gas phase, carbon dioxide, have long at- 
tracted the attention of theoretical, technical, and biological 
chemists. Interest in such a system may be centered upon the 
liquid phase in connection with such problems as the factors 
influencing the activity of the ions present in it, or upon the solid 
phase and the factors influencing the precipitation or solution of 
one or more of the components. To the biologist each of these 
points of view is of importance. 

Ionic activity, particularly that of calcium ions, is believed 
to be intimately related to the problem of the functional activity 
of nerves and muscles, and hence may be considered an impor- 
tant factor in tetany. 

Although there is present in serum far more calcium than one 
could dissolve in a salt solution of the same concentration, a 
diminution or increase in the calcium concentration is known 
to result in profound biological changes. Among the most 
striking of these, following a decrease in its concentration, is the 
condition of hyperexcitability which, in the intact animal, 
manifests itself in the symptom syndrome known as tetany. 
Conditions are known, however, as for example in nephrosis, 
in which low serum calcium concentrations are found without 
symptoms of hyperexcitability. It becomes of interest there- 
fore to inquire first into the reason for the large amount of cal- 
cium in serum and the forms in which it is present, and second 
into the reason for the differences in biological response following 
changes in calcium concentrations. 

A knowledge of the factors affecting the precipitation and solu- 
tion of calcium carbonate and calcium phosphate underlies the 
solution of such physiological problems as bone and tooth for- 
mation and such pathological problems as rickets and arterio- 
sclerosis. 

Problems concerned primarily with the nutritional aspect of 
calcium metabolism, involving such questions as the amount of 
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elementary calcium necessary for cellular activity, maintenance, 
and growth, are not to be considered in this work. 

Another point of view has for its purpose the understanding 
of the behavior of calcium in the organism. Before its func- 
tional activity can be understood, however, certain knowledge 
concerning the physicochemical system involved, is necessary. 
Such questions as the following occur to one taking this point of 
view. 

What is the biological system of which calcium is an important 
constituent? Is this system in equilibrium, and if so, in what 
kind of an equilibrium? In what forms is calcium present in 
this system? What are the quantitative relationships between 
these forms? What factors influence these relationships? Our 
work has had for its purpose an attempt to answer some of these 
and similar questions. Although final answers have not been 
found in all cases, in certain of them a reasonable degree 
of success has been met, while in others evidence which may 
contribute to the final solution has been obtained. 


Theoretical Considerations. 


Much work has been done in recent years to show that the problem of 
the functional activity of calcium is really concerned with the various forms 
in which calcium may exist, and the relationships of the different forms 
involved. Apparently, calcification does not bear a simple relationship to 
the calcium of the blood. In other cases of calcium disturbance, the rise 
or fall of total calcium in serum is but a very poor index of what may really 
be happening. With the acquisition of new knowledge concerning the phys- 
iological behavior of calcium in the organism, it has become more and more 
apparent that we are concerned with several different forms of calcium, 
which may or may not be in equilibrium with each other, or exert influence 
upon each other. 

The conception that the biological importance of calcium in cellular 
activity may be attributed to ionic calcium, is of fairly recent origin. This 
appreciation of the possible importance of the calcium ion in physiological 
systems has been the natural result of the development of the theory of 
solutions from theoretical considerations concerning the influence of the 
electronic environment upon the properties of ions in general. In recent 
years, various methods have been employed in an effort to accomplish a 
difficult task, the measurement of calcium ion concentrations in liquid 
systems in general, and in serum and biological fluids in particular. Many 
have attempted to obtain these values by the analysis of ultrafiltrates, 
some by electrometric measurements with amalgam electrodes (Neuhausen 
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and Marshall, 1922), some by colorimetric methods, and others by calcula- 
tion from experiments with difficultly soluble salts (Rona and Takahashi, 
1911), (Kugelmass and Shohl, 1923-24), (Holt and collaborators, 1925, a, b), 
The latter method is the one which, in connection with the theoretical 
considerations outlined in the following, has been adopted for these studies, 

Within the last few years a conception of ionic behavior has entered bio- 
logical investigations, which relates the environment about the ions to the 
activity of the ions. Since this conception seems to be fruitful in the inter- 
pretation of studies involving electrolyte behavior generally, a brief review 
of the more important features will be given. 

The failure of strong electrolytes to conform to the behavior predicted 
by the mass law, led G. N. Lewis in 1907 to propose a new thermodynamic 
concept called the activity, related to fugacity as concentration is to pres- 
sure; namely, 

fugacity = RT activity. 


The fugacity may be regarded as the vapor pressure of a solute corrected 
for all deviations from the gas law, and hence is an accurate measure of the 
tendency of a substance to escape from its surroundings. Ina similar way, 
by defining the activity of a substance as the ratio between the fugacity 
f of asubstance in some given state, and its fugacity f° in some other chosen 
standard state, we have a quantity which is an accurate measure of the 
escaping tendency of a substance expressed in terms of concentration units 
which have been corrected for all deviations from the gas laws. By using 
these new units corrected for deviations of the substance in the gaseous 
state, from the behavior of an ideal gas, one may apply them to any system, 
and yet obtain relationships which conform to those derived on the sup- 
position that the gas laws are being obeyed. ‘‘Thus when stated in terms 
of fugacities or activities the law of mass action has a universal validity”’ 
(La Mer, 1925). However, since many substances are non-volatile, it has 
been more convenient to replace the absolute activity by the relative 
activity, for which the standard state of reference is defined in terms either 
of the pure liquid or of the pure solid state instead of the attenuated gaseous 
state. 

In accordance with these principles, we have the relationship 


(1) == 


where c is the stoichiometric molal concentration, a is the activity con- 
centration, and y is the activity coefficient, which, in dilute solutions, may 
be regarded as the thermodynamic degree of dissociation. In the case of 
solutions, the standard state is conveniently taken so that at infinite dilu- 
tion of the solute, y becomes unity, and all the gas laws are obeyed. Hence 
a will be equal to c at infinite dilution. Although the fugacity and activity 
of a solute at infinite dilution are proportional by Henry’s law to the mol 
fraction N, one may still use molality units ¢ as proportional to N in 
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dilute solutions. All of the data in these papers have been calculated on 


the molality basis; 7.e., in mols per kilo of H.0. 
Using the concept of activity, one may write for a strong electroyte such 


as NaCl, 


which is the mass law equation involving the thermodynamic concentra- 
tions or activities. The activity is related to the molal concentration so 


that 


a, = ¥+ C+ 


a = Yo Co 


(3) therefore, ps Bk an K 

Yo Co 
This is the thermodynamic mass law equation for dissociated electrolytes 
where subscripts +, —, and o denote positive ion, negative ion, and salt, 
respectively. 

Lewis and Randall (1923), studying activity coefficients in mixtures of 
different valence types, made the generalization that “‘in dilute solutions, 
the activity coefficient of a given strong electrolyte is the same in all solu- 
tions of the same ionic strength.’’ The ionic strength is related to the 
stoichiometric molality in the following manner: 

Let » = ionic strength 

and ¢; ¢2 ¢3....Cn = molal concentration of ions present 

21 Zo Z3....Zn = Valence of the ions, 
then 


(4) ge = 3 (e121? + Co Zo? + Cg Z3?.... + Cn Zn”) 
Thus the concentration is related to the number and valence of ions present 
as they alter the electronic environment of asolution. It should be pointed 
out, however, that this is a limiting law, and serves only as a first approxi- 
mation in solutions where individual ion properties are not significant. 
The activity of a solute may be calculated from the vapor pressure of the 
solute, from the distribution of a solute between two solvents, from meas- 
urements of electromotive force, from freezing point data, and from solu- 
bility measurements. The solubility of slightly soluble salts in solutions 
of other salts has been utilized by many physical chemists, e.g., Lewis, 
Brénsted, Noyes, Bray, Harkins, and their collaborators, to calculate the 
activity coefficients of the slightly soluble salts in the solution. It is this 
method which has been utilized in these studies. 
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At constant temperature, when a salt in solution is in equilibrium with 
the solid solute, it follows as a thermodynamic necessity that the activity 
of the salt in the solution is fixed and equal to the activity of the solid solute. 
No change in the solvent such as would be produced by addition of elec- 
trolytes or non-electrolytes can change that activity. If the activity coeffi- 
cient of the salt in solution is decreased, due to a change in the solvent. 
more of the salt will go into solution until the activity in the solution and 
the solid state are equal. Hence 


(5) VYoSo = ViBi @ VB! .cccccsece 
where 8S, refers to solubility in pure water, and s; and sz refer to solubility 
in other solvents. 


$1 S81 
(6) = or — log y1 = py: = log — log yo 
741 So So 


Setting yo arbitrarily equal to unity, 


. 
(7) —_ log “1 = Py = log = 
So 
If a salt A,,, B,, dissociates so that A,, B,, — » A + v2 B at equilib- 
rium, the following relationship must hold true: 


(8) (aAt)”" X (aB-)” = Kg yp. 


where aA* and aB- denote the activities of the ions, »; and v2 are the 
number of ions of A* and B~ respectively, + and — are used regardless 
of valence, and Kg p, is the activity product or solubility product at ionic 
strength equal to zero. Substituting ye for a, where y, c, and a refer to 
the ions, equation (8) becomes 


(9) (cA*)”™ X (yAt)”™ X (cB-)” X (yB-)” = Kgp. 
or using the conventional symbol [ ] for concentration c, 
(10) [A*]” (yA*)" X [B-]” (yB-)" = Kg.p. 


By definition, the activity coefficient of a salt is the geometrical mean 
of the activity coefficients of its ions. Hence 


a 
(1) An By = -W(yAt)" X (yB-)” 
= (yAt)"*" x (yB-)" 7" 


Logarithmically equation (11) becomes 


V1 v2 
——— log yA* + ——— log yB- 


Vv) “+ v2 V1 v2 


(12) log vA,,B,, = 
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Equation (10) may be written in the form 
(13) [A+]" X [B-]"* X (yA,,B,,)" 1" = Kg yp, 


Kg,p 
4 A‘) X [B-]2 = ——*?_ =. KY, 
(14) [A+]" X [Bq] (yA,,B,,)" +" K’s.p. 


We have found it convenient to transform equation (14) into its logarith- 
mic form 


(15) v1 log [A+] + v2 log [B-] = log Kg.p, — (v1 + v2) log yA,,B,, = log K’s.p, 


As a further simplification, we have uniformly employed the symbol pX 
to designate — log [X*]. Equation (15) accordingly becomes 


(16)  pA* + » pB~ = pKsp, — (m1 + 2) pyA,,B,, = pK’s,. 


(17) pKsp. — pK’s.p, = (v1 + v2) pyA,,B,, = A pKg.p. 
ApKsg.p 

18) or A,,B,. = —— 

( PYAnDPys oe + 


Equation (18) is thus identical with that derived by Brénsted and La 
Mer (1924) by substituting ~/ Kg p. for s in equations (5), (6), and (7). 

Debye and Hiickel (1923), from purely physical considerations, employ- 
ing the theory of complete dissociation of strong electrolytes first advanced 
by Bjerrum (1909), have recently elaborated a theory which accounts for 
the behavior of these substances by taking into consideration the electrical 
forces at play between the ions. Their mathematical treatment has been 
further simplified and applied to salts of higher valence type by Brénsted 
and La Mer, who found that the activity coefficient was related to the ionic 
strength of the solution by the equation 





(19) — log ysalt = @’Z1 Zs V1 


where a’ is a universal constant depending among other things on the 
dielectric constant of the medium, and z; and 2: refer to the valences of the 
two ions of the salt. The addition of a correction term Su enables one to use 
the equation for higher ionic strengths. More recently, Hiickel (1925), 
developing the theory advanced by Milner and by Debye and Hiickel, has 
derived a general working equation of the form 


Bzi22 V1 


(20) — log yea = ——~—7= + Cu 
1+AVuz 


In this equation A, B, and C denote constants. This equation takes 
into consideration the effect of the ionic environment, the size of the 
ions, and the dielectric properties of the solution. Since the concen- 
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trations of the solutions used in our experiments were less than 0.2 molal, 
we have neglected the possible deviation in the dielectric properties of the 
solutions with changing ionic strength. The equation used in these papers 
to relate the activity coefficient of the salts studied to the ionic strength 
has been of the general form 


BV u 


(21) — log ysalt = = 
1l+A Vu 


For convenience in calculation, Bz; zz has been used as if it were one con- 
stant B. 

These theoretical considerations will be further elaborated and discussed 
in connection with the experimental work as it is presented in later sections 
and papers. These sections given in order will contain a presentation of the 
technique used in the work, the calculations used, and the constants in- 
volved. Studies of the solubility of calcium carbonate and tertiary calcium 
phosphate, singly and together, under various conditions, will then follow. 


Experimental Technique. 
Analytical Methods. 


Calcitum.—Total calcium was determined by the method of 
Kramer and Tisdall (1921) slightly modified.t It was found 
that washing the precipitated and centrifuged calcium oxalate 
three times with 3 cc. of 2 per cent ammonia water, without 
stirring, gave results within 2 per cent of theoretical on solutions 
of known calcium content. Titrations were made with n/100 
or N/200 KMn0O, using 1 to 5 ce. samples according to the cal- 
cium content of the solution analyzed. The permanganate factor 
was redetermined in every experiment by means of standard 
sodium oxalate. 

Clark and Collip (1925) have demonstrated that the conditions 
necessary for obtaining theoretical results with this and similar 
methods are purely empirical. Kramer and Tisdall, later Tisdall 
(1923) and Clark and Collip have all endeavored to work under 


1 Some of the later determinations were checked by a gasometric method 
developed by Dr. Van Slyke, as yet unpublished. The washed precipitated 
caicium oxalate is dissolved in sulfuric acid as usual and transferred quan- 
titatively into the Van Slyke manometric gas analyzer (Van Slyke and 
Neill, 1924). The oxalic acid is oxidized with an excess of permanganate 
under the proper conditions, and the yield of carbon dioxide, which is 
quantitative, is taken as a measure of the calcium in the precipitate. 
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conditions such that the combined error due to solubility of cal- 
cium oxalate, and the retention of ammonium oxalate after 
washing, might be a minimum. As pointed out by the latter 
authors, any deviation in an arbitrary procedure will cause cor- 
responding differences in results. Clark and Collip’s modifica- 
tion, although quite satisfactory, was abandoned because of loss 
of precipitate when tubes were used which were not narrow 
enough at the bottom. In agreement with their findings, the 
original Kramer-Tisdall method gave low results. Some com- 
parative results obtained by using different methods in deter- 
mining the calcium content of a known solution are given below. 
Frequent determinations on the above solution, alone and when 
added to serum, served as a check on the accuracy of the method 
and the technique of the individual performing the analysis. 


Determinations of Ca Content, by Different Methods, of an Aqueous Solution 
Containing 2.50 mu Ca per Liter. 











Kramer and Tisdall. 
Clark and Collip. 
With stirring. Without stirring. 
2.48 2.32 2.50 
2.48 2.32 2.51 
2.46 2.32 2.51 
2.53 2.35 2.52 








Hydrogen Ion.—The pay:+ of salt solutions and biological fluids 
was determined in the various ways indicated in the tables of 
experimental results: e, electrometric; c, colorimetric; g, gaso- 
metric results. Electrometric determinations were made in a 
thermostat maintained at 38 + 1°. The temperature of the reac- 
tion liquid was read to 38 + 0.2° in the Clark-Cullen electrode 
vessel of 2 cc. capacity. A thermometer in the electrode vessel, 
as suggested by Cullen, permitted accurate temperature control 
of the liquid under investigation. The gas chain employed was 
the following. 


| | 


. | 
: | Saturated | 
He HeCl | Saturated | KCl | 


| | 

Unknown | 

KCl : solution He vt 
| bridge | 
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Pure mercury was prepared according to Hulett (1905) by 
redistiliing five times. Calomel was prepared electrolytically 
from the purified mercury and redistilled hydrochloric acid. 
Merck’s analytical KCl was used in the saturated calomel elec- 
trode and salt bridge. The hydrogen used was found by analysis 
to be 99.5 per cent pure. Whenever CO.-containing solutions 
were being measured, the electrode was first flushed and filled 
with a mixture of hydrogen and COs, the latter gas being at the 
same tension as that of the CO, in the liquid. Usually the gas 
phase, with which the unknown had been equilibrated, was it- 
self run from the large saturation tonometer into the electrode 
vessel, by displacement with mercury. Electrodes were made of 
heavy platinum foil. Before use in each experiment, they were 
freshly coated with platinum black. Platinic chloride for plating 
electrodes was prepared from pure platinum. 

The standard used was N/10 HCl made from Hulett’s (1909) 
constant boiling acid, twice redistilled. The strength of the 
N/10 HCl was confirmed by gravimetric analyses which indicated 
a chloride content within 0.1 per cent of theoretical. The 
pay+ of this acid, on the basis of Lewis’ (1923) value (p. 382) for 
the activity of H+ ion ina solution of this ionic strength, was 
assumed to be 1.08 at 38° and 20°. No correction was made for 
liquid junction potential. 

Values of pay+ of unknown solutions were calculated from the 


equation: 


_E (corrected to 1 atmosphere of dry hydrogen) — e, a 
oa 0.0001983 T 








* It may be noted here, that pa,,, referred to in these papers is identical 
with pa,,, as used by Hastings and Sendroy (1925) and with the pH of Van 
Slyke, Hastings, Murray, and Sendroy (1925). However, this value is nol 
identical with the pa,, of Sérensen and Linderstrém-Lang (1924), which is 
approximately 0.04 higher than ours, but corresponds to their pH, which is 
obtained by using the Bjerrum extrapolation for liquid junction potential, 
and assigning to N/10 HCl a value based on conductivity measurements. 
No correction for liquid junction potentials between saturated KCl and 
either n/10 HCl or our unknown solutions has been attempted. If in the 
future the difference between these diffusion potentials is established our 
Poy values are subject to a corresponding correction. 
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In many of the experiments, pay+ was determined colorimetri- 
cally on both salt solutions and serum, using bicolor standards 
and reading at 38°, according to the technique of Hastings and 
Sendroy (1924). From time to time, the color standards were 
checked against phosphate standards which in turn had been 
standardized electrometrically. Salt solutions were read im- 
mediately after sampling under oil for such solutions lose CO, 
and change their reaction very quickly. Colorimetric deter- 
minations on serum were accurate to +0.05 pagt, salt solutions 
to +0.02.% 

Sometimes when a high degree of accuracy was required, or 
when the reaction was too acid or too alkaline to be read within 
the phenol red range, pay*+ was indirectly determined from total 
CO: and COs, tension analyses, as outlined in the section on cal- 
culations. 

CO, Tension.—The gas phase was analyzed in the Henderson- 
Haldane apparatus of 10 cc. capacity. The accuracy of these 
analyses was approximately 0.5 per cent. 

CO. Content.—Total CO. was determined in the manometric 
gas apparatus described by Van Slyke and Neill (1924). These 
determinations were accurate to about 0.3 per cent. 

H.O Content.—Moisture determinations for converting data 
from molarity to molality basis were obtained by drying 1 or 2 
ec. samples for about 15 to 20 hours in a Freas oven at 120°C. 
Weighings were made to 1 mg., and the error involved was not 
more than 0.2 per cent. 


2 The bicolor standards referred to, as described previously (Hastings 
and Sendroy, 1924), have values based on the comparison of such standards 
against electrometrically standardized m/15 Sérensen phosphate standards. 
However, experiments as yet unpublished indicate that the effect of ionic 
strength and valence type of salt on the activity of dyes is similar to their 
effect on other ions. In other words, the apparent dissociation constant of 
the dye changes with ionic strength and with different salts in the solution, 
thus behaving in conformity with the Debye-Hiickel theory of strong elec- 
trolytes. In order to detect any possible difference in activity of phenol 
red in the M/15 phosphate solution and in artificial edema fluid, such as was 
usually employed, comparative results were obtained by electrometric and 
colorimetric determinations of the same solutions. Since the two methods 
agreed in all cases to within 0.01 pa,;., it was decided that all readings on 
balanced salt solutions obtained with the bicolor standards could be con- 


sidered reliable. 
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Pure mercury was prepared according to Hulett (1905) by 
redistiliing five times. Calomel was prepared electrolytically 
from the purified mercury and redistilled hydrochloric acid. 
Merck’s analytical KCl was used in the saturated calomel elec- 
trode and salt bridge. The hydrogen used was found by analysis 
to be 99.5 per cent pure. Whenever CO.-containing solutions 
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same tension as that of the COz in the liquid. Usually the gas 
phase, with which the unknown had been equilibrated, was it- 
self run from the large saturation tonometer into the electrode 
vessel, by displacement with mercury. Electrodes were made of 
heavy platinum foil. Before use in each experiment, they were 
freshly coated with platinum black. Platinic chloride for plating 
electrodes was prepared from pure platinum. 

The standard used was n/10 HCl made from Hulett’s (1909) 
constant boiling acid, twice redistilled. The strength of the 
n/10 HCl was confirmed by gravimetric analyses which indicated 
a chloride content within 0.1 per cent of theoretical. The 
pay+ of this acid, on the basis of Lewis’ (1923) value (p. 382) for 
the activity of H+ ion ina solution of this ionic strength, was 
assumed to be 1.08 at 38° and 20°. No correction was made for 


liquid junction potential. 
Values of pay+ of unknown solutions were calculated from the 


equation: 


__ E (corrected to 1 atmosphere of dry hydrogen) — e, . 
P*n+ ™ 0.0001983 T 








* It may be noted here, that pa,,, referred to in these papers is identical 
with pa,,, as used by Hastings and Sendroy (1925) and with the pH of Van 
Slyke, Hastings, Murray, and Sendroy (1925). However, this value is nol 
identical with the pa,, of Sérensen and Linderstrém-Lang (1924), which is 
approximately 0.04 higher than ours, but corresponds to their pH, which is 
obtained by using the Bjerrum extrapolation for liquid junction potential, 
and assigning to N/10 HCl a value based on conductivity measurements. 
No correction for liquid junction potentials between saturated KCl and 
either n/10 HCl or our unknown solutions has been attempted. If in the 
future the difference between these diffusion potentials is established our 
Pays values are subject to a corresponding correction. 
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In many of the experiments, pay+ was determined colorimetri- 
cally on both salt solutions and serum, using bicolor standards 
and reading at 38°, according to the technique of Hastings and 
Sendroy (1924). From time to time, the color standards were 
checked against phosphate standards which in turn had been 
standardized electrometrically. Salt solutions were read im- 
mediately after sampling under oil for such solutions lose CO, 
and change their reaction very quickly. Colorimetric deter- 
minations on serum were accurate to +0.05 pay, salt solutions 
to +0.02.% 

Sometimes when a high degree of accuracy was required, or 
when the reaction was too acid or too alkaline to be read within 
the phenol red range, pay*+ was indirectly determined from total 
CO, and CO, tension analyses, as outlined in the section on cal- 
culations. 

CO. Tension.—The gas phase was analyzed in the Henderson- 
Haldane apparatus of 10 cc. capacity. The accuracy of these 
analyses was approximately 0.5 per cent. 

CO. Content.—Total CO. was determined in the manometric 
gas apparatus described by Van Slyke and Neill (1924). These 
determinations were accurate to about 0.3 per cent. 

H.O Content.—Moisture determinations for converting data 
from molarity to molality basis were obtained by drying 1 or 2 
cc. samples for about 15 to 20 hours in a Freas oven at 120°C. 
Weighings were made to 1 mg., and the error involved was not 


more than 0.2 per cent. 


8 The bicolor standards referred to, as described previously (Hastings 
and Sendroy, 1924), have values based on the comparison of such standards 
against electrometrically standardized m/15 Sérensen phosphate standards. 
However, experiments as yet unpublished indicate that the effect of ionic 
strength and valence type of salt on the activity of dyes is similar to their 
effect on other ions. In other words, the apparent dissociation constant of 
the dye changes with ionic strength and with different salts in the solution, 
thus behaving in conformity with the Debye-Hiickel theory of strong elec- 
trolytes. In order to detect any possible difference in activity of phenol 
red in the M/15 phosphate solution and in artificial edema fluid, such as was 
usually employed, comparative results were obtained by electrometric and 
colorimetric determinations of the same solutions. Since the two methods 
agreed in all cases to within 0.01 pa,,,, it was decided that all readings on 
balanced salt solutions obtained with the bicolor standards could be con- 


sidered reliable. 
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Phosphorus.—Determinations of the phosphorus in salt solu- 
tions and serum were made according to the method of Benedict 
and Theis (1924), an improvement on the Briggs (1922) modifi- 
vation of the original Bell and Doisy (1920) colorimetric method. 
Stanford and Wheatley (1925) have recently furnished proof of 
the validity of the principle upon which the method depends, and 
report that there is a direct proportionality between the color 
produced and the phosphate present, only when the method is 
done under certain conditions. Inasmuch as Benedict and 
Theis also confirm Buell’s (1923) finding that there is no appre- 
ciable amount of acid-soluble organic phosphorus in serum which 
is hydrolyzed by concentrated sulfuric acid, a determination by 
this method, even in serum, can most probably be taken to repre- 
sent only the inorganic phosphorus, hence the total phosphate. 
In our experiments we have calculated our phosphate results on 
this assumption. We have confirmed Stanford and Wheatley 
in that accurate results can only be obtained when total acidity, 
concentration of all reagents, and temperature are strictly uni- 
form in standards and unknown solutions. 

The reading of the solution and standard must not differ by 
more than 20 per cent in order to obtain a reading which is within 
5 per cent of theoretical. In serum analyses, the precipitation of 
proteins in a solution diluted only five times may very well lead 
to still greater error. However, this is unavoidable in such cases 
where the extremely low phosphate content of the solution 
analyzed makes it necessary to have as concentrated a filtrate 
as possible, in order to be able to read the slight coloration pro- 
duced. 


Saturation Procedure. 


Salt solutions approximating quantitatively and qualitatively 
the content of edema fluid and other body fluids as analyzed by 
Salvesen (1923) were made up as indicated in the protocols. 
Standard solutions of NaCl, KCl, MgCh, CaCl, NaHCQOs, 
K.SO;, and Na2HPO.;-KH.PO, of known composition were pre- 
pared. Quantities of these solutions required to give the desired 
final concentration of each of these salts were accurately pipetted 
into a 200 cc. volumetric flask. Before the CaCl: was introduced, 
125 cc. of water saturated with CO. were added to the flask to 
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prevent premature precipitation of the calcium as carbonate or 
phosphate. The solution was then made up to 200 cc. and 
transferred to the saturating tonometer system previously de- 
scribed by Austin and collaborators (1922). About 50 cc. of 
this salt solution were introduced into either a small tonometer 
or a 50 cc. narrow mouth centrifuge tube, about 1 per cent in 
weight of solid added, and then connection made with rubber 
tubing to a larger tonometer of from 300 to 400 cc. capacity. 

The liquid with solid was clamped off from the large tonometer, 
which was washed out three times with either air or hydrogen, 
depending on whether or not pay+ was to be measured electromet- 
rically; the tension of CO. required to give the desired final reac- 
tion was introduced, and then air or hydrogen run in to 1 
atmosphere pressure. The liquid phase was then allowed to run 
into the large tonometer, the whole being placed in a water bath 
maintained at 38 + 0.05° and rotated for 20 minutes. This 
procedure was repeated three more times, in order to eliminate 
excess CO. and so approach the desired final tension. At the 
fourth saturation, air or hydrogen was run in only to within 80 
mm. of atmospheric pressure. The next day, after rotation from 
18 to 24 hours, the whole was equilibrated to the atmosphere, 
then liquid and solid were separated from the gas phase. When 
saturation was carried on for several days, the CO, tension was 
adjusted several times during the saturation period, and then, 
finally, about 20 hours or so before being analyzed. 

When the CO, tension was desired, samples of gas were taken in 
small 70 cc. Barcroft tubes or else sampled directly from the 
large tonometer. When centrifuge tubes were used for the 
liquid and solid, these were quickly placed in a centrifuge after 
covering with oil and rubber stoppers, or else paraffin, to prevent 
loss of CO,. After centrifugation, the clear supernatant fluid 
was transferred to small containers over mercury. When small 
tonometers were used directly, the solid phase was removed by 
filtration through small glass tubes containing cotton. 

Early in the work, when solutions were kept in contact with the 
solid salt, a constant temperature of 38° in centrifuging was main- 
tained. However, it soon became apparent that the difference 
in solubility of calcium carbonate or phosphate between room 
and body temperature during the period between the end of 
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saturation and completion of all analyses, was within the limit 
of error of the methods of analysis. When absorbent cotton was 


TABLE L 
Effect of Variation within the Known Experimental Limit of Error of Any 
of the Factors in Calculation of pK's.p, of CaCO; and Ca3(PO,4)2. 














































































































[Ca++] | Total [CO] | Total [PO] | | | | a 
pay+ | MX 10% | MX 10? | MX 10° | pCa | pCO:=| pPO=| Psp. | P&sp, 
kg. HzO | kg. H:O | kg. H20 | | CoCOs CadPt 
|_ I a 
7.43| 0.28 | 30.32 0.293 | 3.55 | 3.90| 7.95] 7.45 26.55 
7.38 | 0.28 | 30.32 0.293 | 3.55 | 3.95] 8.01 | 7.50 | 26.67 
—0.05 +0.05 |+0.12 
7.43 0.28 30.32 0.293 | 3.55 | 3.90 | 7.95 7.45 | 26.55 
7.43 | 0.266) 30.32 0.293 | 3.58 | 3.90 | 7.95 7.48 | 26.64 
—5 per +0.03 |+0.09 
cent. 
7.43 0.28 30.32 3.55 | 3.90 7.45 
7.43 0.28 30. 22 3.55 | 3.90 7.45 
—0.3 +0.00 
per 
cent. 
7.43 0.28 0.293 | 3.55 7.95 26.55 
7.43 0.28 0.278 | 3.55 7.97 26.59 
—5 per +0.04 
cent. 
Summary. 
4.0.05 | | 0.05 [0.12 
| +5 per | 0.03 |-0.09 
cent. 
| +0.3 +0.00 
per | 
cent. 
+5 per |= 0.04 
cent. | 
EE te a ee ee +0.04 |+0.08 
gC RE SRST ney On. re see oe Sa ee OR | 0.08 |+0.25 





used for filtration, it was thought that stray shreds of cotton 
might affect the determination of the calcium. To test this, 
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comparisons were made on clear solutions, some containing a 
few shreds, and others more cotton, during the heating with 
normal sulfuric acid and subsequent titration. The presence of 
cotton in these solutions within the time required to dissolve the 
calcium oxalate and to titrate, had no effect in reducing the 





permanganate. 
The solid CaCO; and Ca;(PO,)2 used were of the highest purity 
Before use in these experiments, both were washed 
five times with distilled water, then dried at 110°. 
Table I indicates the limit of accuracy attainable with these 
methods, and the effect of errors in determining the values pK’,.». 
CaCO; and pK’, », Cas(PO,)e. 


obtainable. 


Symbols. 


The symbols below have been used in this and the following 


papers. 
a@Ca+ = activity of Catt ion. 
YCat+ = “ coefficient of Catt ion. 
[Ca++] = concentration of Ca** ion in mols per kilo of H,0. 
[Ca] = ™ “ total Ca “ “ = 
[CaP] = “ Ca bound by protein in mols per kilo of 
H,:0. 
[CaX] = concentration of Ca not in ionized form in mols per kilo 
of H,0O. 
» = ionic strength. 
vy = number of ions of a salt. 
pCat+ = negative logarithm of [Ca**]. 
PYCa* = i m™ “* Cat. 
K = activity dissociation constant of an acid. 
K’ = stoichiometric dissociation constant of an acid. 
pK = negative logarithm of K. 


PKs p, CaCO; 
pK’, p, CaCOs 


placa+ X aco,=]. 
p([Ca**] xX [CO;*]). 


a°y.0 = solubility coefficient of CO. in pure water. 
a°co, = " 5 « «@  * galt solution and serum. 
pCO, = CO, tension in mm. of Hg. 

fs = pCOz: [COs]. 

fe = [H2COs3]: [CO,]. 

f; = [HCO 37]: [COs]. 

f = [CO;]: [COs]. 

mM = millimols = m X 105. 
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Calculations. 


Calculation of [CO;=] Ion Concentration from Total COs Content and Py. 
From the mass law, 
ra * Gin 
- H+ HCO:— . 
(22) ————_ = Kk, 
H.COs 


+ X Yuco,- X [HCO;7] 











(23) = K 
Yu.co, * lH2COs] 
Qy+ X [HCOs7] K, 
(24) - - = = K,’ 
YuH.co, * H2COs] YHCO;- 
Gas [HCO;7] Ky x Y . 
(25) H a BO. KY 


{H2COs3] YHCO;- 
However, K,”’ is a constant only under conditions in which Yu.co, and 


Yuco;- 2re constant. 

Ony+ x [CO3~] Ke x Yuc - 
[HCO;7]} Yco,.= 

(27) Total [CO] = [H:CO;] + [HCO;~] + [CO;=] 


= K,’ 





(26) In like manner 


By equation (26) 
Qy4 X [COs=] 
(28) (HCO,7] = ———_——_ 
K; 
By equations (25) and (28), 
y+ X [HCOs~] — (@y+)? X [COs*] 


K,’ Ki,’ K,’ 





(29) [H.CO,] = 


Therefore, equation (27) can be written 


(@ q+)? X [COs=] aye X [COS] 
+ H 








30) Total [CO,] = + [CO,=] 
CO tel hos Ky’ Ky’ Ky’ + OO. 
(@y+)? ae n+ K,’” = K,” kK.’ 
(31) Total [CO.] = [CO,7] x ote 
K,” K,’ 


Total [CO.] K K,” K,’ 
(y+)? + Oy Ky” + K,” Ky’ 








(32) [(CO;*] = 
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TABLE I. 
Factors for the Calculation of [CO;=}| and [HCO37] from the Total [CO.| 
Content in Salt Solutions of » = 0.152 and in Serum. 

; pK,” = 6.13, pK.’ = 9.79 

POs f where f; where f where f; where 
payi+ f X [COz] fi X [COz] Pay{+ f X [COs] 1 X [COs] 

=[COs=}_ | = [HCOs~] = (COs=] | = (HCOs-] 

6.0 0.00007 | 0.426 7.11 | Q.00189 0.904 
6.1 0.00010 0.478 7.12 0.00194 0.906 
6.2 0.00014 | 0.540 7.13 0.00199 0.908 
6.3 0.00019 0.597 7.14 0.00204 0.909 
6.4 0.00027 | 0.650 | 7.15 0.00209 0.911 
6.5 | 0.00036 | 0.700 | 7.16 0.00214 0.913 
6.6 | 0.0008 | 0.746 | 7.17 0.00219 0.914 
6.7 | 0.00064 | 0.788 | 7.18 | 0.00224 0.916 
6.80 | 0.00084 | 0.823 | 7.19 | 0.00230 | 0.918 
6.81 0.00086 | 0.826 | 7.20 0.00236 | 0.919 
6.82 0.00089 0.830 7.21 0.00242 | 0.921 
6.83 0.00091 0.833 | 7.22 0.00248 0.923 
6.84 0.00094 0.836 | 7.23 0.00254 | 0.924 

,, and 6.85 0.00096 0.839 7.24 0.00260 | 0.926 
6.86 | 0.00099 0.842 7.25 0.00266 | 0.927 
6.87 0.00101 0.845 7.26 0.00273 0.928 
6.88 0.00104 0.848 | 7.27 0.00280 | 0.930 
6.89 0.00107 0.851 | 7.28 0.00287 | 0.932 
6.90 0.00110 0.854 7.29 0.00294 | 0.933 
6.91 0.00113 0.857 7.30 0.00301 | 0.934 
6.92 0.00116 0. 860 7.31 0.00309 | 0.936 
6.93 0.00119 0.863 7.32 0.00317 | 0.937 
6.94 0.00122 0.865 7.33 0.00325 | 0.938 
6.95 0.00125 0.867 | 7.34 0.00333 | 0.939 
6.96 0.00129 0.870 | 7.35 0.00341 | 0.940 
6.97 0.00132 0.872 7.36 0.00349 0.941 
6.98 0.00135 0.875 7.37 0.00358 | 0.942 
6.99 0.00139 0.877 7.38 0.00367 | 0.943 
7.00 0.00142 0.880 7.39 0.00376 | 0.944 
7.01 0.00146 | 0.882 | 7.40 0.00385 | 0.945 
7.02 0.00150 | 0.884 | 7.41 0.00394 | 0.946 
7.03 0.00154 | 0.887 | 7.42 | 0.00404 | 0.947 
7.04 0.00158 | 0.889 | 7.43 0.00414 0.948 
7.05 0.00162 | 0.891 | 7.44 | 0.00424 0.949 
7.06 0.00166 | 0.893 | 7.45 | 0.00434 0.950 
7.07 0.00171 | 0.89 | 7.46 | 0.00444 | 0.951 
7.08 0.00175 | 0.898 | 7.47 0.00455 0.952 
7.09 | 0.00179 | 0.900 7.48 | 0.00466 0.953 
7.10 | 0.00184 | 0.902 

739 
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TABLE II—Concluded. 





| 























f where | f; where | | f where f; where 
pay+ |} £X [COs] fi X [CO2] Pey+ f X [CO2] | £1 X [COs] 

| = [COs] | ={HCOs-] | | = [COs=] = [HCOs~] 
7.49 0.00477 0.954 7.71 0.00802 0.967 
7.50 0.00489 0.954 7.72 0.00821 0.967 
7.51 | 0.00501 0.955 7.73 0.00841 | 0.968 
7.52 0.00513 0.956 7.74 0.00861 | 0.968 
7.53 0.00525 0.957 7.75 0.00881 0.968 
7.54 | 0.00537 0.958 7.76 0.00901 0.969 
7.55 | 0.00550 0.958 7.77 0.00922 0.969 
7.56 0.00565 0.959 7.78 0.00943 0.969 
7.57 | 0.00578 0.960 7.79 0.00965 0.970 
7.58 | 0.00591 0.960 7.80 0.00988 0.970 
7.59 0.00607 0.961 7.9 0.01249 0.9711 
7.60 0.00621 0.961 8.0 0.01573 0.9712 
7.61 0.00636 0.962 8.1 0.01979 0.9698 
7.62 0.00651 0.963 8.2 0.02480 0.9669 
7.63 0.00666 0.963 8.3 0.03112 0.9623 
7.64 0.00681 0.964 8.4 0.03890 0.956 
7.65 0.00697 0.964 8.5 0.04858 0.9474 
7.66 0.00713 0.965 8.6 0.0604 0.9364 
7.67 0.00730 0.965 8.7 0.0748 0.9227 
7.68 0.00747 0.966 8.8 0.0921 0.9059 
7.69 | 0.00765 0.966 8.9 0.1141 0.8844 
7.70 | 0.00783 0.966 9.0 0.1394 0.8594 








In a similar way 
Total [CO] X a, Ki” 


(y+)? + On+ kK," + K,’ K,.’ 





(33) {[HCO;"] = 


Knowing K,’, and K,’ for any particular solution, one may derive a set 
of values for each pa,,,, such that 





K,’ K;,’ 
(34) f= eo, 
(Qpy+)? + Ope Ky” + K,” Ke 
and 
Ons, K,’” 
(35) z 





+ (Gye)? + Gye Ki? + Ki" Ke’ 


where f and f, are really factors representing the percentage of total [COz] 
in the form of [CO;=] and [HCO;7 ] respectively. Values for use with salt 
solutions at » = 0.152 and with serum, between Pays 6.0 and 9.0 at 0.1 inter- 
vals, and for pa,,, between 6.8 and7.8 at 0.01 intervals are given in Table II. 





XUM 
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Calculation of pa,,, from Analyses of CO: Content and CO: Tension. 


In experiments in which it was not possible to determine pa,,, directly, 
this value was obtained indirectly by calculation from analyses of the total 
CO; content and the CO, tension. Expressing H.CO; in terms of the CO, 
tension, pCO,, 

afeO xX pCOz 0.557 X pCO. 


36) n= = = 0.0327 pCO 
(36) H.cO: = [60 x 0.0224 ~ 760 X 0.0224 _— 





a%o, X PCO2 — (0.557 — 0.103 » + 0.36 P) X pCOr 
760 X 0.0224 760 X 0.0224 





(37) [H2CO,] = 


where, according to the notation in unpublished work of Van Slyke, Hast- 
ings, and Neill, @r1.0 and a0, are the solubility coefficients of CO, in pure 
water, and in a salt- and protein-containing solution. yu has its usual sig- 
nificance and P indicates gm. of protein per gm. of H.O in the equation. 
We can write equation (27) in the form 

(38) Total [CO2] = f [COz] + f; [COz] + fz [COs] 

where f, f;, and f, refer to the percentage factor of the total [CO.] in the 
form of [CO;7], [HCO;7], and [H2CO;] respectively. It has been shown how 
f and f; may be derived in equations (34) and (35). Hence fz may be found 
by difference, by 


(39) 1.00 — f — f; = fe 
By definition, 


fs [COs] = [H1,C0,) = 200% 200s 
40 = = “ona, 
om # {COs} = [HsCO.] = 760X024 

For solutions of a constant composition, ato, will be constant, and we 
may write 


760 X 0.0224 X fz [CO,] 








(41) pCOz - > = f; [CO,] 
“Co: 
where 
f 760 X 0.0224 
(42) , = = 
*COs 

By equations (39), (34), and (35) 

K,’ K,’ + n+ K,’ 
(43) + fz = 1.00 





(3+)? + n+ K,’ + kK,’ K,’ 
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4 
TABLE III. 
Factors for the Calculation of pay+ from Total CO2 Content and CO. Tension 
for Use in Serum. 4 
byes coy | ACO, = 0.565 
payt fs (4 
6.0 17.31 
6.1 15.72 
6.2 13.855 
6.3 12.138 
6.4 10. 542 i 
6.5 9.036 ( 
6.6 7.650 | 
6.7 6.385 
6.8 5.301 
6.9 4.367 
7.0 3.584 | 
7.1 2.891 1 
7.2 2.379 
ee 1.898 
7.4 1.536 
7.5 1.235 
7.6 0.994 
7.7 0.783 
7.8 0.620 
7.9 0.494 
8.0 0.395 
8.1 0.313 
8.2 0.250 
8.3 0.199 
8.4 0.154 
8.5 0.123 
8.6 0.096 
8.7 0.078 
8.8 0.054 
8.9 0.045 
9.0 0.036 
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Ki Ky’ + ay, Ki” 


(Qs)? + Ope K,” + K,” K,’ 





44 fz=1-—- 


(a+)? 





45) fy = a ee 
(Qyy+)> + Oy: K,” + K,” Ks 


(@;+)? x< 760 X 0.0224 





(46) Hence, f; = : ms > 9 
a0, [ (Gepq+)? Oye KX” + Ky” Ke’) 


Total [CO.] X (y+)? xX 760 X 0.0224 
ae Ye [ (44+)? + OH, K,” + Kk,’ K2’] 





47) and pCt ), = 


Equation (47) expresses the relationship between the CO, tension, total 
COs, and ys: In actual practice, no attempt was made to calculate 
Pays according to equation (47). Having calculated f and f; at various 
Payy+’S f. was found by difference, and then f;, for the corresponding Pops 
values. Then, by plotting f; against pa;;+ @ curve was obtained for the re- 
pCOrz 
total |CO»| 
tension and total COs, f; values obtained gave the corresponding Pay. 


lationship fs = at any desired pa;;,- By determining the CO, 





Corresponding values of f; and pa,,, are given in Table ITT. 

Inasmuch as a, is a variable depending on the composition of a solu- 
tion, the relationships given will not always hold for the factors fz and f; 
as given in the foregoing. In order to calculate pa,,. from total [CO:] and 
CO, tension, in solutions of changing composition, one proceeds as follows, 
using the a0» which is the appropriate one for that solution whose pa,,, 
is to be determined. Van Slyke, Hastings, and Neill have found (unpub- 
lished results) that 260. (ec. of COs per gm. of HO) varies according to the 


empirical formula 


(48) a? = 0.557 — 0.103n + 0.36P4 


where P = gm. of protein per gm. of H,0. 
The solutions for which pa,,, was determined in the manner to be out- 
‘ As this material goes to press, it is now evident that recent work gives 
as a more accurate expression for the solubility of CO, in salt and protein 


solutions, the following equation 


a? = 0.554 — 0.104. + 0.36 P. 


CO 


Our results would not be significantly altered by calculating according to 


the above equation. 
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lined here, were never at a reaction higher than about7.5. Hence the |CO,7] 
ion concentration was so small that it could be neglected. Equation (25) 
therefore could be written 


4+ X ({COs] — [H2CO3)) 


- [H,CO, “7 





By using the proper value for a? in the solution under investigation, 


[H:CO;] was calculated according to equation (37), and then pa,,, found by 
converting equation (49) into the well known logarithmic form of the Hen- 
derson-Hasselbalch equation: 


[CO] — [H2COs] 
{H2COs]} 





(50) pay. = pK,” + log 


We may derive the actual working equation corresponding to equation 
(47) as follows: 


OH.COs 


61) YH:COs ~ [HLCOg] 





Substituting the values for 43.00; and [H;,CO;] given in equations (36) 
and (37) 
0.557 1 


(52) Yu.co, ™ ane om —— a 
ws «0.557 — 0.103n + 0.36P 1 — 0.1854 + 0.65P 





(53) [H2CO;] = 0.0327 pCO: (1 — 0.1854 + 0.65P) 


Also by equation (36) 


(54) Pas.00, = 1-486 + p pCO: 
(55) P%5¢0,- = PY¥yco,- + P [HCO;~ ] 
(56) PYyco,- = 0.5V p 


Combining equations (27), (53), (54), (55), (56), 
(57) Payco,— =0.5V yp + p{ [CO.]—[CO;"]—0.0327 pCO.(1 —0.1854+0.65P) } 


But since pK; = 6.33 at 38°, equation (22) may be written in the logarithmic 
form 


(58) Par = 7.816 — 0.5Vn + p p CO.— p{ [CO2] — [CO;7] — 0.0327 pCO: 
(1—0.1854 + 0.65P) } 
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In salt solutions containing no protein and in which the [CO;~] concen- 
tration is negligible, equation (58) simplifies into 


(59) pay,, = 7.816 — 0.5Vu +p pCO:—p{ [CO2] — pCO (0.0327 — 0.00605.) } 


In serum of average salt and protein composition where » = 0.16 and 
P = 0.07 gm. per gm. of HO, equation (58) becomes 


(60) pa,,, = 7.616 + p pCO: — p{[COz] — 0.0332 pCO:} 


When the [CO;=]is not neglible, 7.e. when the Poy is greater than 8.0, 
the pa,,, is first approximated by equation (59) or (60), then the [CO;*] is 
estimated by determining the value of f for the approximated pa,,,. 
The CO, content when multiplied by this value gives the CO ;~ concen- 
tration. This value for [CO;~] is then substituted in equation (58) and the 
Pops again calculated. Since most Pap values are less than 8.0, however, 


it is not often necessary to apply equation (58). 


Constants Used in CO, Calculations. 


The values of the first and second dissociation constants and activity 
coefficients used in the calculations were taken from the determinations of 
Hastings and Sendroy (1925). The equations given by them for these con- 
stants are 


(61) pK,’ = 6.33 —0.5V/u 
(62) pK.’ = 10.22 — 1.1Vu 


For the balanced salt solutions used, the values calculated for an ap- 
proximate ionic strength of u = 0.152, were pK,’ = 6.13, pK,” = 6.14. Van 
Slyke, Hastings, Murray, and Sendroy (1925) found pK,’ = 6.13, pK,” = 
6.14 for horse serum, while Hastings and Sendroy (unpublished results) 
have found pK,’ = 6.12 and pK,” = 6.13 in human serum. Therefore, in 
order to simplify the calculations, pK,” = 6.13 was used in experiments 
with the serum of horse and humans and in salt solutions of approximate 
z= 0.152. For the same ionic strength, pK,’ = 9.79. Hence K,” = 7.41 X 
107 and K,’ = 1.62 X 107°. For @1.0 the value used was 0.557. In salt 
solutions and serum the variation of ae, Was calculated according to 
equation (48). These solubility coefficients were derived without attempt- 
ing to differentiate between the two reactions. 


CO, CO, and CO, + H:O — H:CO; 
Gas. Dis- Dis- 
solved. solved. 
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Experimental Results. 
Variation in Solubility of CaCO; with Varying Ionic Strength. 


The solubility of CaCO; has been determined in salt solutions, 
the ionic strength of which ranged from » = 0.024 to » = 0.208. 
Save for small variations in bicarbonate concentration, the ionic 


TABLE IV. 
Solubility of CaCO; at 38° in Salt Solutions of Varying Ionic Strength. 


| 




















| | | 319 2 n 
S| | Xl5 | 3l@ | alc s] 5 
= | = | xf | xe | S33 
z | Sj a) alg] “3 | ok 
z = 31/35/2161] & | 8 | 3 
a/.2i/>!| ez f}]e}]&}]s}]e] es | eF] ¥ 

| 0.024) 0.156) 7.02 ¢ | 18.860.0152) 0.764) 4.82 | 3.12 | 7.94 | 7.96 
2 | 0.031] 0.176, 7.22 ¢ | 24.56/0.0348| 0.372| 4.46 | 3.43 | 7.89 | 7.90 
3 | 0.050) 0.224) 7.07 ¢ | 18.93]0.0205| 0.865] 4.69 | 3.06 | 7.75 | 7.7 
4 | 0.076| 0.276 7.10 ¢ | 19.02/0.0253| 0.916) 4.60 | 3.04 | 7.64 | 7.64 

5 | 0.082) 0.286) 7.27 ¢ | 25.07|0.0541| 0.423) 4.27 | 3.37 | 7.64 | 7.61 
6 | 0.102) 0.320) 7.00 © | 20.00.0231) 1.208) 4.64 | 2.92 | 7.56 | 7.5 
7 | 0.108] 0.329) 7.28 ¢ | 25.68/0.0621| 0.474) 4.21 | 3.32 | 7.53 | 7.52 
8 | 0.129) 0.359] 7.52 g | 9.86)0.0506) 0.706) 4.30 | 3.15 | 7.45 | 7.46 
9 | 0.130) 0.361] 7.27 g | 11.060.0310) 1.134) 4.51 | 2.95 | 7.46 | 7.46 
10 | 0.130) 0.361) 7.37 g | 11.560.0414) 0.958) 4.38 | 3.02 | 7.40 | 7.45 
11 | 0.131) 0.362] 7.16 g | 12.50]0.0267| 1.482) 4.57 | 2.83 | 7.40 | 7.45 
12 | 0.132) 0.363) 7.17 g | 14.05)0.0308) 1.330] 4.51 | 2.88 | 7.39 | 7.45 
13. | 0.133] 0.365} 7.41 ¢ | 25.40/0.0941| 0.494) 4.03 | 3.31 | 7.34 | 7.44 
14 | 0.137] 0.370| 7.16 g | 18.80/0.0402| 1.008) 4.40 | 3.00 | 7.40 | 7.44 
15 | 0.158) 0.398] 7.38 ¢ | 25.51/0.0963| 0.494] 4.02 | 3.31 | 7.33 | 7.38 
16 | 0.177) 0.420) 7.30 ¢ | 18.22)0.0594| 1.040 4.23 | 2.98 | 7.21 | 7.34 
17 | 0.177) 0.420] 8.35 g | 24.87(0.870 | 0.050| 3.06 | 4.30 | 7.36 | 7.34 
18 | 0.177 0.420) 7.48 g | 27.07)0. 126 | 0.352] 3.90 | 3.45 | 7.35 | 7.34 
19 | 0.202) 0.450) 7.32 ¢ | 18.440.0683| 1.04 | 4.17 | 2.98 | 7.15 | 7.29 
20 | 0.208) 0.455] 7.46 ¢ | 23.70/0.1243) 0.371] 3.91 | 3.43 | 7.34 | 7.28 


} 





strength was increased by additions of NaCl. After 20 hours of 
saturation at 38° with solid CaCOs, the liquid phase was analyzed 
forthe CO, content, calcium content, and pay+. In some instances 
the CO, tension in the gas phase was also determined. From the 
CO: content and pag+ the [CO; ] concentration was calculated. 
From the [CO; ] concentration and the [Ca++] concentration 
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the pK’, ». CaCO; was calculated. The ionic strength, u, of the 
solution was calculated from the analyses of the solution at the 
end of the saturation period. The results of these experiments 
have been tabulated in Table IV and are graphically presented 
in Fig. 1. The smooth curve is the graphical representation of 
the equation 


4.94V n 


(63) pK’, CaCO; = 8.58 — : 
— 1 + 1.61V py 


60;-—-—J a | ~ y . t ©. 2 os. ot Fs ~~ -. urthUsttUete 
62+—+ . pt» pt anmbadil l Baa 
64-——_+__ +++ ss ra SS 


7 | 
+e Sa Sees eS Hit 
63 ——_ 4 — 1 ttt 
, ae ae ES ‘eS Sa Se = 


12 —_—_-——__—_-- 








14-—_ — Bes fa 
76—__ + + eee 
%8—}— 
80;—+— 
82 — 


psp [Caco] 


:. io. -_—. -—_—  - = 
Vie 

Fia.1. The solubility of CaCO; in salt solutions of varying ionic strength 
saturated with CaCO; at 38°. Values of pK’s.», CaCO; are plotted as or- 
dinates and Vu as abscisse. The curved line has the equation pK’, p, 

ro 

. 4.94 
1+1.61 Vu 

Since it has been previously shown that — log yco,= = 1.6 Vu 
as a first approximation up to u = 0.160, log ycq+ can be calcu- 
lated for any given ionic strength by means of the equation 


4.94V un _ 


(64) — log 7,4 = So. 0 i 
_ 1+ 1.61V x Ve 
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The manner in which the constants of equation (63) were ob- 
tained requires some explanation. The value 8.58 for pK,,, 
CaCO; at » = O was obtained in four ways. (1) By graphic 
extrapolation of a smooth curve through the experimental points 
given in this paper; (2) by calculation of pK,,,, CaCO; at u = 0 
from our experimental points at the two lowest ionic strength 
values where it may be assumed that the simple limiting rela- 
tionship, pK’,,, = pK», — 4 Vu holds; (3) by extrapolation of 
the curve obtained from a study of the solubility of CaCO; in 
solutions saturated with Ca3(PO,)2 as well as CaCO 3 (these data 
are to be presented in Paper III of this series); (4) by calcula- 
tion of pK, ,, CaCO; at » = 0 in the same manner as in method 
(2) from the data used in method (3). These methods of estima- 
tion led to the average value of 8.58 for pK,,, CaCO; at u = 0, 
Since the lowest salt concentration in which the solubility of CaCO, 
was determined was » = 0.024, the error involved in extrapolation 
is considerable and makes the value 8.58 correspondingly question- 
able. Considering the possible errors involved however, it is felt 
that this value is probably within 0.1 of the true pK, ,, CaCO; at 
uw = 0.0 and, as will be shown later, it agrees fairly well with pre- 
vious determinations by other authors. 

The manner in which the constants B and A were evaluated 
was as follows: 


Equation (17) was converted to the form 
(65) pK, ,, CaCt 3 — pK’, , CaCO; = 2 PYcaco; 
But, by equation (21), 


BV 





(66) P¥n.co, = = 
CaCOs 1 ry AV u 
Therefore 
pK, " CaCO; — pK’, . CaCO; BV u 
(67) = a = 
2 1+ AV 


Rearranging and substituting 8.58 for pK, . CaCO; equation (67) becomes 


2 1+Avu :(s,) A 


68) = —~  — — - 
6 8.58 — pK’, ; CaCO; BV u B V u t B 
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9 > 
y plotting values of < = ~ as ordi- 
oan (am = pK’, oar) 4 pK’, CaCO; 





, 1 , : , , 
nates against ——- as abscisse, one obtains a straight line, the slope of 
im 


1 A 
which equals B and the intercept of which on the y axis equals B The 
yalues of A and B found in this way lead to the equation 
4.94V 1 
(63) pK’, , CaCO; = 8.58 — _44V 
~ 1 + 1.61V/p 


It is appreciated that several of our points above Vi = 0.35 
lie above the line which represents this equation. Whether these 
deviations are significant and are not due to errors involved in 








TABLE V. 
Activity Coefficients at 38° of CaCO;3, Cat*, and CO;™ Calculated at Rounded 
Values of u. 

u YCaCOs YCO;= YCa** YHCOs— YCl—- YH* YNat* 
0.00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.05 0.39 0.44 0.35 0.77 0.84 0.88 0.84 
0.10 0.31 0.31 0.31 0.69 0.81 0.84 0.80 
0.15 0.26 0.24 0.28 0.64 
0. 16* 0.25 0.23 0.27 0.63 


























* Approximately the ionic strength of biological fluids. 


manipulation and analysis is not known at the present time. The 
point of significance seems to be that the solubility of CaCOs; in 
salt solutions of NaHCO; and NaCl increases with increasing salt 
concentration in a manner which is not inconsistent with the 
predictions of the Debye-Hiickel theory. 


Activity Coefficient of the Calcium Ion. 


Since the activity coefficient of the carbonate ion in solutions 
of different ionic strength has been previously estimated, and 
since the activity coefficient of CaCO; has been determined, it is 
of some interest to estimate the activity coefficient of the calcium 
ion. This has been done by means of equation (64) and the 
results are tabulated in Table V for the activity coefficients at 
even ionic strengths. 
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For comparison we have given activity coefficients for the 
bicarbonate ion from our own data and for the Ht, Nat, and 
Cl- ions from Lewis and Randall’s “Thermodynamics.” It is 
particularly significant that the activity coefficients of the diva- 
lent ions CO; and Ca** are much less than those of the 
monovalent ions HCO;- and Nat. In the terminology of 
the electrolytic dissociation theory one would say that the diva- 
lent salts were less completely dissociated. The activity coeffi- 
cients of Ca++ and CO; at u = 0.160 will be used to calculate 
the calcium activity in biological fluids. 

It should be mentioned at this point that Bray (1925) ina 
classical investigation of HCO; and CO; activity coefficients 
in salt solutions found a difference between the activity coefficient 
of the HCO;~ ion as determined in systems composed of NaHCO, 
— NaCO; — NaCl and those composed of KHCO; — K.CO; — 
KCl. This suggests that one cannot use the same activity co- 
efficient for the HCO; ion in such biological systems as red blood 
cells which are rich in potassium, as in serum where sodium pre- 
dominates. 

Since in biological systems variations are encountered in 
p ({Ca] X [COs ]) other than those attributable to variations in 
ionic strength, certain conditions were varied in the salt solutions 
of the same ionic strength to determine what factors might there 
be significant. 

The systems in which equilibrium with solid CaCO; was es- 
tablished will first be discussed, followed by the presentation of 
experiments in which equilibrium was apparently not  estab- 
lished. The criterion of equilibrium has been regarded as the 
attainment of the value 7.30 to 7.40 for pK’,,, CaCO; in solu- 
tions whose ionic strength was approximately » = 0.150. This 
was the value found in salt solutions containing no ions which 
might form with calcium other insoluble or slightly ionized com- 
pounds. This figure, within the limits studied, was independent 
of the pay:, the initial calcium concentration, and the duration 
of the saturation period beyond 16 hours. A shorter saturation 
period is undoubtedly adequate, although the minimum length 
of time necessary was not determined. 
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Conditions Leading to Equilibrium with CaCOs (Solid Phase: 
CaCO;) (Liquid Phase: Solution of NaCl + NaHCO; 


with and without Calcium). 


Salt solutions composed of all of the salts of serum except 
inorganic phosphate come rapidly into equilibrium with solid 


TABLE VI. 
Conditions Leading to Equilibrium with Solid CaCO ;. Saturation of Salt 
Solutions, Containing No Phosphate, with Solid CaCOs. 





— ; . 

| | | Initially present. 
._ | Time of | [COs] | [(COs=] | [Cat] 

Experi- | ss 3 . | pK’, 

ment No, |°@uilibra-| Payy+ | M X_ 10° | m X 10 | m X 10 pee, Vi 


| 
| Cal- | Phos- 
} cium | phate 

















tion. | x HO kg. H20 | kg. H2O | ae X 108) a4 108 
| | lke. H20 kg. H20 
hrs. | | | | | 
112) | 44 | 7.51 | 31. at 0.160 | 0.33 | 7.28 | 0.387] 0 | 0 
2(17) | 44 | 7.39 | 27.30 | 0.103 | 0.46 | 7.33 | 0.374] 7.76 | 0 
3 (18’)| 64 | 7.36 | 27 rt | 0.096 | 0.58 | 7.26 | 0.374] 7.76 | 0 





TABLE VII. 
Conditions Leading to Equilibrium with Respect to CaCO . Saturation of 
Salt Solutions with CaCO; + Ca;(POx)s. 





| | | | \Initially present. 
| | 
| 











Experi- | Time of | | {COs} | [COs= 1| [Cat* 1 | pK’ eras germ 
Ron | Sten | lero ral x \cathe| V* | Sam | phot 
’ | | £ £ 2 £ 2 | |X 105) ae X 108 
| | kg. H2O|ke. sO 
1 (9) | 20hrs. | 7.43 | 31.04 | 0.129 0.31 | 7.40 | 0.38310 | 0 
2(14) | 8 days.| 7.51 | 31.35 | 0.157 | 0.26 | 7.39 | 0.3870 | 0 
3 (8) | 20hrs. | 7.20| 19.20 | 0.045 | 1.33 | 7.23 | 0.378) 7.76 | 0 
4(16)| 44 “ | 7.50 | 33.62 | 0.165| 0.25| 7.38 | 0.3780 | 2.42 
5 (24) | 7 days.| 7.57 | 33.67 | 0.195 | 0.23 | 7.37 | 0.380,0 | 2.42 
6(5) | 20hrs. | 7.48 | 29.24 | 0.136 | 0.25 | 7.47 | 0.383) 4.65 | 1.21 
7 (20) | 68 “ | 7.37 | 27.14 | 0.097 | 0.03 | 7.39 | 0.401) 2.52 | 1.21 





CaCO; whether there is no calcium initially in solution or whether 
there is an excess of calcium. Representative experiments il- 
lustrating this point are given in Table VI. ‘These experiments 
show consistent values for pK’,,, CaCO; which agree with those 
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obtained in the study of the solubility of CaCO; in solutions of 
varying ionic strength. 

When we have the system (solid phase: CaCO; + Cas;(PO,),) 
(liquid phase: solution of NaCl + NaHCOs;, with and without 


TABLE VIII. 


Conditions Leading to Supersaturation with Respect to CaCO;. Saturation in 
the Absence of a Solid Phase. 






































| | | |Tnitially present, 
Experi- | Time of [COs] _ | [COs=] | [Cat*] | pK’ - 
ment equilibra-| Payy+ | M X 10°) mM X 10° | Mm X 108 |" ae Vin Cal- | Phos- 
No. tion. kg. H,0| kg. H20| kg. H20 | 80s cium | phate 
| | | | M X 105) m X 10 
| | lig. 1130 ke. H20 
fh ER RR, NS AR PE 
1 (18) 44 7.38 | 28.01 | 0.103 0.88 | 7.05 | 0.375) 7.76 | 0.0 
2 20 | 7.48 | 24.10 | 0.112 | 3.24 | 6.44 | 0.419) 3.25 | 0.0 
3 (19) 44 | 7.43 | 36.25 0.150 | 2.99 | 6.34 0.390) 7.76 2.42 
4 (22) 68 | 7.59 | 39.28 | 0.238 | 0.88 | 6.68 | 0.403) 2.52 | 1.21 
5 (27) 18 | 7.52 | 34.07 | 0.174 | 2.56 | 6.35 | 0.403) 2.52 | 1.21 
TABLE IX. 


Conditions Leading to Supersaturation with Respect to CaCO;. Saturation 
with CaCO; in the Presence of Phosphate in Solution. 





















































Initially in 
solution. 
Baoee | meet | ae | | ORG | Sh oes! 
ment equilibra- ayy+ | MX 10% | M X 108 | 8.p. x eet 
No. |. tion. kg. Hi0 | ke. H20 | kg. Hx0 |C8COs] Y" | Sit | Shate 
MX 10°) m X 10° 
| kg. H2Ojkg. H:0 
hrs. 

1 (2) 20 7.54 | 33.69 | 0.181 1.23 | 6.65 | 0.382) 0 1.21 
2 (1) 20 7.45 | 31.39 | 0.136 1.26 | 6.77 | 0.387) 4.65 | 1.21 
3 (13) 42 7.41 29.93 | 0.118 1.42 | 6.78 | 0.380) 7.76 | 1.21 





calcium, with and without phosphate) equilibrium is established 
with respect to CaCO; whether or not calcium is initially present 
in the liquid phase. This is also true whether or not inorganic 
phosphate is initially present. Some experiments illustrating 
these results are given in Table VII. 
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Conditions Leading to Apparent Supersaturation. Absence of 
Solid Phase. (Liquid Phase: Solution of NaHCO3+ 
NaCl + CaCl..) 


In systems composed initially of only the liquid phase NaHCO; 
-NaCl—CaCl, and the gas phase COs, at a definite tension, 
equilibration for 44 hours did not result in complete equilibrium 
with the solid phase CaCO;. This, as was anticipated, was a 
condition of supersaturation in which equilibration was not con- 
tinued until equilibrium was established. The details of this 
experiment are given in Experiments 1 and 2 of Table VIII. 


Absence of Solid Phase. (Liquid Phase: Solution of NaHCOs 


— . NaH PO, 
4+ NaCl + CaCh + pores \) 


Since our ultimate goal was the study of calcium activity in 
biological fluids the previous experiments were repeated with the 
addition of a mixture of NasHPO,; and KH,2PO, at physiological 
pay+ so that the total phosphate approximately equalled the 
concentration in serum. No solid phase was present. The 
length of saturation varied from 18 to 68 hours. The protocols 
of three of these experiments are also given in Table VIII (Nos. 
3 to 5). In each instance the solution was apparently markedly 
supersaturated with respect to CaCQs. 


(Solid Phase: CaCO ;) (Liquid Phase: Solution of NaHCO; + 


NaCl + CaCh + roy 
2 4 


If to the above aqueous phase, solid CaCO; is added, super- 
saturation with respect to CaCO; apparently still exists as is 
shown by the difference between pK’, », CaCO; values of 6.7 under 
these conditions as compared with 7.3 under conditions of equilib- 
rium in systems without phosphates in solution (Table IX). 
It was further found that this condition of apparent supersatura- 
tion existed even though no calcium was initially in solution. 
Whether this condition is one of delayed equilibrium or complex 
ion formation is at present unknown. 
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Conditions Leading to Apparent Undersaturation. (Solid Phase: 
Ca3(PO.)2) (Liquid Phase: Solution of NaHCO; 
+ NaCl). 


When the system composed initially of NaHCO; and NaC] 
was saturated with the solid phase Cas(PO,), at fixed CO, tensions, 
the liquid phase was unsaturated with respect to CaCO; even 
after 8 days (Table X). This was the case whether or not cal- 
cium or phosphate was initially present in the solution. The 
solubility product of CaCO; was not reached in this experiment, 


TABLE X. 
Conditions Leading to Undersaturation. Saturation of Salt Solutions 
with Ca3(PO.4)s. 








Experi- | Time of | [CO3] ’ [CC em) [Ca*) pK’, = — 
ment | equilibra-| Peyy+ | MX 10° | m X 108 | m X 10 Cacd,| Vi | Cal- | Phos- 


Initially in 
solution. 





No. | tion. | kg. H20 kg. H20 | kg. H2O0 cium | phate 
| | | | | | fe 208) at 10 
kg. H2O)kg. Hy0 
1 (7) [20 brs. | 7.37 | 27.14| 0.097 | 0.05 | 8.31 | 0.3810 | 0 
2 (10) | 8 days.| 7.47 | 28.53 | 0.130} 0.03 | 8.41 | 0.385,0 | 0 
3 (6) |20 hrs. | 7.18 | 18.17 | 0.041 | 0.59 | 7.62 | 0.376, 7.76 | 0 
4(4) 20“ | 7.38 | 25.66 | 0.004 | 0.04 | 8.43 | 0.37910 | 1.21 
5(3) 20“ | 7.32 | 25.05 | 0.079 | 0.04 | 8.50 | 0.384) 4.65 | 1.21 








Discussion of Experiments upon Solubility of CaCOs in Salt 
Solutions. 


It is a thermodynamic necessity that in all solutions in equilib- 
rium with solid CaCO; the activity and the activity solubility 
product of CaCO; are the same. For 38° we have found this 
latter value (designated as K,,.) to be 1 X 10-*58. Since the 
activity coefficients of the calcium and carbonate ions decrease 
from unity as the ionic strength of the solutions increases from 
zero, the analytically determined values of Ca++ and CQO3 will 
become progressively greater as will the product [Catt] x [CO3]. 

In the foregoing experiments, it has been shown that salt solu- 
tions containing no phosphate may be brought into equilibrium 
with solid calcium carbonate and that the analytically deter- 
mined product [Ca++] xX [CO ;] is a constant which varies with 
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the ionic strength of the solution in a manner which is in har- 
mony with the Debye and Hiickel theory of the behavior of 
strong electrolytes. 

From our data we have calculated activity coefficients for 
Cat+ and CO; ions in simple salt solutions of varying ionic 
strength. Is one justified in applying these activity coefficients 
to all solutions the ionic strengths of which are known, and which 
have been equilibrated with solid CaCO; until no further change 
in the analytical product [Ca++] x [CO ;] occurs? Perhaps 
not, because as Holt, La Mer, and Chown (1925, b) pointed out, 
inhibiting influences may delay the attainment of equilibrium for 
a long period of time. However, since this method of attack 
seems at present the most fruitful, we have used it in subsequent 
sections on serum. 

It is further appreciated that there are specific ion effects of 
considerable magnitude in solutions composed of salts other than 
NaHCO; and NaCl which will markedly affect the activity coeffi- 
cients of the calcium and carbonate ions. In the absence of 
information upon the magnitude of these specific influences, how- 
ever, we have used the activity coefficients found in our experi- 
ments on salt solutions. 

A point of interest and importance for the interpretation of our 
later work on biological fluids arises from our experiments upon 
CaCO; solubility in salt solutions containing inorganic phosphate 
in solution. It will be recalled that the analytical product 
[Ca] x [COs] was markedly greater than one found in entirely 
comparable experiments but in which no phosphate was initially 
present in solution. Furthermore, this product was practically 
the same whether one started with calcium in solution or not. 
Was the activity product a, X @oo,. greater in these solutions 


than in others without phosphate? It is highly improbable 
that CaCO; had been formed but not precipitated in view of the 
fact that an excess of solid salt was constantly present. Nor does 
it seem possible that the presence of the small amount of phos- 
phate was in itself sufficient to alter the activity coefficient of 
the Ca++ and CO;° in the presence of phosphate when both solid 
phases, CaCO; and Cas3(PO,)2, were present. 

Since solid Cas(PO,)2 was absent in these experiments it is 
possible that the calcium and the phosphate were combined 
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but not precipitated. If this is true, as will be explained later, 
we are justified in applying our activity coefficients for Cat+ and 
CO; found for salt solutions containing no phosphate calculat- 
ing then the calcium ion concentration, subtracting this from the 
total calcium analytically determined, and calling this value 
unionized calcium. This has been our procedure in the work 
now to be described and to which the Debye and Hiickel theory 
did not seem applicable without some such hypothesis. 

An alternative explanation of these results is that the reaction 
between Ca++ and CO; was inhibited by the presence of the 
phosphate and a condition of delayed equilibrium resulted. If 
this were the true explanation, the thermodynamic method of 
treatment would be inapplicable to this experiment and the 
comparable condition found in serum. Realizing this, we must 
emphasize that our subsequent thermodynamic treatment serves 
as a method of attack which is applicable only if equilibrium exists. 
Whether it does or not has not as yet been rigidly determined. 


Solubility of CaCO; in Solutions of Sodium Citrate. 


Having determined the solubility of CaCO; in solutions of 
NaHCO; and NaCl, and having studied some of the factors which 
seem to prevent the attainment of equilibrium with respect to 
CaCOs, it was decided to study the effect of sodium citrate upon 
the solubility of CaCO;. Complex calcium citrate ions are sup- 
posed to exist but we were unable to obtain accurate information 
regarding their exact nature. Since the citrate ion is a trivalent 
ion it was at first thought that its action in disselving CaCO; 
might be explicable merely upon the basis of an increased ionic 
strength of the solution. This proved to be an inadequate 
explanation for several reasons. First, because the solubility 
product was not constant at varying pay+ although the ionic 
strength was constant; second, because when values of pK’,» 


CaCO; chosen at constant pa,,, were plotted against the Vu the 


Ht 
curve did not conform to that predicted by the Debye and Hiickel 
theory. To explain our results one would have to assume a 
large specific ion effect or the existence of a slightly dissociated 
calcium citrate compound. Our calculations have been made on 


the basis of the latter hypothesis. 
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In the simplest case, the liquid phase was initially composed 
only of a solution of sodium citrate, NasCsH;O;. In some cases 
NaHCO; was also initially present. These solutions were equili- 
brated with solid CaCO; at definite CO, tensions which, however, 
changed during the course of the saturation. The technique and 
analytical procedures were those which have been already described. 
The results of our experiments are given in Table XI. At 
equilibrium the liquid phase contained the following: NasCeH;O;, 
NaHCO;, Ca3(CsH;07)2, Ca(HCOs3)2, HeCO;. The reactions con- 


cerned with this change in composition are 


CaCO; <= CaCO; + H.CO; = Ca(HCOs)s 
Solid. Solu- 
tion. 


2Na;C.H;:0; + 3Ca(HCOs;)2 = Cas(CcéH:07)2 + 6NaHCOs; 


The pa,,, was sufficiently high so that forms of citrate other 


than the tertiary salt can be neglected. 

The ionic strength of the solution at equilibrium being known 
and the [CO; ] concentration having been calculated, it is possi- 
ble to calculate the [Ca++] concentration which one would expect 
to find in a NaCl solution of the same ionic strength. It is ap- 
preciated that this is only an approximation because the specific 
ion effect in the case of the citrate ion is probably very different 
from that of the chloride ion. The total calcium content having 
been found by analysis, it is possible on the basis of the assump- 
tions made with reference to ¥,,,,, to estimate the amount of 
non-ionized calcium (Column 8, Table XI). 

Since Ca3(CsH;07)2 would be expected to ionize according to 
the equation 


Ca; (C6H;O7)2 <2 3Cat+* oh 2C.H,0™ 
the following equation might be expected to prevail at equilibrium: 


[Ca**]* X [CeH:O7-]* - 


69 = — 
( ) {Ca3(CsH;O7)2] . Ca3(CesHsO7)2 





or 


70)  3pCat* + 2p(C.Hs07~) — pCas(CcH:01)2 = pK’ ¢, (o,H1,0,)s 
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We have attempted to calculate pK’oayo,q,0,, in the experi- 
ments reported with the result shown in Column 9. There seems 
to be a correlation between the pay+ and the value pK’c,, CsHi0r), 
as Fig. 2 indicates. Whether this means that at higher pag. 
values the salt is of different composition from that at the lower 
values is unknown at present. A slow rearrangement from the 
salt CaH(C.H;07) to the salt Cas3(CsH;07)2 has been described 


TABLE XI. 
Solubility of CaCO; in Solutions of Sodium Citrate. 











. BS Initial 

Experi- [COa]_| (CO»=] | culated Test | (CaX] . 

mont | a* | page | MXM! X10 | Cae | sel itos | XI) S| eter 

wa es |S &. Hao | ks. H20 a ia 8 z ar 

kg. H.O 

(1) (2) (3) (4) | () | (6) |= (%) (8) (9) (10) 
1 0.549) 7.058) 48.90 | 0.12 0.59 | 17.22 | 16.63 | 10.52 40 
2 0.540, 7.33 | 40.43 | 0.200 0.36 | 14.13 | 13.77 | 11.00 40 
3 0.561) 7.30 | 54.80 | 0.263 | 0.29 | 25.92 | 25.63 | 11.83 40 
4 0.478, 6.90 | 38.53 | 0.055 1.10 | 16.76 | 15.66 | 10.64 20 
5 0.475, 7.52 | 31.86 | 0.204 0.29 | 15.39 | 15.10 | 12.32 20 
6 0.475, 6.81 | 37.15 | 0.041 | 1.45 | 15.73 | 14.28 | 10.16 20 
7 0.470, 6.92 | 30.80 | 0.044 1.32 | 13.43 | 12.11 | 10.09 20 
8 | 0.467) 7.29 | 27.14 | 0.098 | 0.58 | 12.78 | 12.20 | 10.19 20 
9 0.465) 7.62 | 22.76 | 0.182 | 0.31 | 11.08 | 10.77 | 11.87 20 
10 0.465! 7.82 | 22.55 | 0.288} 0.20! 11.08 | 10.88 | 12.47 20 
11 0.425) 7.38 | 22.10 | 0.089 0.53 | 10.53 | 10.00 | 12.32 10 
12 | 0.426 7.04 | 24.05 | 0.042 1.12 | 10.79 9.67 | 10.26 10 
13 0.425, 7.50 | 21.83 | 0.117 0.40 | 10.53 | 10.13 | 12.71 10 
14 0.392! 6.77 | 15.93 | 0.012 3.20 6.56 3.36 | 9.64 5 
15 0.384) 7.59 8.44 | 0.050 0.78 4.07 3.29 | 11.47 5 
16 0.388) 6.76 | 31.85 | 0.024 1.66 5.40 3.80 | 10.66 5 
17 | 0.380) 7.61 | 21.87 | 0.1388 | 0.28] 3.02] 2.74 5 


12.64 





* Calculated from final composition of solutions. 


(Pannozani, 1910), and it may be that some such phenomenon 
plays a role here. 

The important points illustrated by the results of these experi- 
ments are: 

1. The fact that the product [Ca]  [CO,;=] is not a constant 
at constant ionic strength but varies with the pay: of the solu- 
tion and with the concentration of citrate present. 
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2. That this cannot be explained on the basis of supersatura- 
tion or by the Debye-Hiickel theory, without the assumption of 


an unusually large specific ion effect. 
3. That it does seem to be explicable on the hypothesis of the 


e 


formation of a slightly ionized calcium compound. 
4. This calcium citrate compound does not seem to be a simple 


substance such as Ca3(CsH;O7)e. 
185,420 r 
°10 | 


130/45 * 
0 661 * 


140 - yr = ge 
40M Na, QHe0, par Kg 






rs) 
& 


pKa, (citrate). 
& & 


110 


00) 6A 6688 10 12 14 16 18 60 G2 
Pan 
Fic. 2. The apparent variation of pK’Ca;(C.H;O;): with pa,,. The 
solutions containing different total citrate concentrations are designated 


by different symbols. 
= 40 mm sodium citrate per kilo of H:0. 


- 

A = 20 ““c “ “cc “ce ce “cc “ 

oO = 10 “cc “ “ “e “ ‘ec “ 

oO = 6 67 “es “ “ ee ca) “ce “ 
inn 4 “cc “ “c sé “é “ “ 

A= 92 


Precipitation of Calcium from a Citrate Solution in Equilib- 
rium with Solid CaCO; by the Addition of Solid 
Ca3(POx)2. 


In a later section it will be shown that serum, when equili- 
brated with CaCO; does not alter in its calcium concentration, 
but when it is equilibrated with Cas(PO,)2 calcium is precipitated. 
In order to determine whether solutions of citrate, in equilibrium 
with solid CaCO;, showed the same behavior, the following ex- 
periment was performed. 40 ce. of a solution of sodium citrate 
(6.67 mm per liter) were saturated 20 hours at 38° with solid 
CaCO; at a CO, tension of approximately 25 mm. At the close 
of the saturation period the solution was separated from the solid 
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CaCO; and analyzed for COs, calcium, and pag:. It was then 
saturated for 20 hours at 38° with Cas(PO,). and again analyzed. 
The results of this experiment are given in Table XII. That 
precipitation of calcium does occur is strikingly shown, thereby 
illustrating a property of citrate solutions which resembles that 
of serum. 


Solubility of CaCO; in Serum. 


The results of our study of the solubility of calcium salts in 
serum will now be presented. In this section only the experi- 
ments related to CaCO; solubility will be considered; in later 
sections the solubility of Cas(PO,). will be discussed. 


TABLE XII. 
Effect of Solid Ca3(PO4)2 upon a Citrate Solution in Equilibrium with CaCO. 
Initial concentration of Na;C;sH;0; = 0.00667 m. Saturation 20 hours 
with solid CaCO; at 38°. 





| 
| 
| 


} | |} sig |S | alo | 3 

| min 1 | 3/2 | = 

| | 210 | Xi ae | =) os = 

| % | a =o a 1S — 

} =) | bios) | | Xl5 |Seatolz 

7 = > = 20% io 

a | w | Xia i 3 | | al | SRS ig 
yale] clea ds |e lexeba, 
ome lee! 2 |} .@3 fo) ~ + Lz Vins B12 
| 3 Sy } © “S15 /38 | 73 34/4 |Qale 

| = fe) | = |‘ @ ial = 0 = 

















0.057 (0.240 5.84 7.33 12.650.0273 | 7.724.564 3.16, 0.692) 5.15 0.994 








Same solution saturated 20 hours with solid Ca;(PO,)2 at 38°. 





| | | | | 
0.057 |0.240| 3.78 17.03 8. 630.00872 5.06| | 
| 





If one analyzes blood serum as drawn from the body without 
permitting a change in the gases of the blood to occur, one may 
obtain values of the pag+ and CO, content from which [CO; |] 
ion concentration may be calculated. 

The [CO;”] ion concentration has been calculated from the 
pa,,+ and [CO.] content on the assumption that the activity 
coefficients of the [HCO;~] ion and the [CO; | ion are identical in 
serum with the values which were found for them in a solution of 
NaHCO; and NaCl the ionic strength of which was 0.160. That 
this assumption is probably nearly correct for the HCO;7 ion is 
indicated by the fact that the value for the activity coefficient of 
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the HCO;~ ion was found to be approximately the same in serum as 
in a salt solution of » = 0.160. We have no direct evidence that 
the activity coefficient of the CO; ion is identical in serum and 
in a salt solution of the same ionic strength. 

The [CO; ] ion concentration when multiplied by the total Ca 
concentration gives the product [Ca] X [CO;”]. The correspond- 
ing product in simple salt solutions containing no slightly ionized 
calcium and in equilibrium with solid CaCOs, is the solubility 
product constant of calcium carbonate in this solution. . 

Analyses of serum show that the product [Ca] x [CO; | far 


TABLE XIII. 


Determination of the p ({Ca] X [CO3=]) in Human Serum. 





yo 
1) | 

















5 | | alo r |e | 
Ss | S\= = ies 
Z | | alo | SF | ale | | § |82s| 
2 x = | =\3 ¥ = 7 ay - i Remarks 
Ee] | Sie] S | Sle | Be _— 
el ela elalal eae 
e a1 fe 2/18 |s |~— {tae 
a | | o 2, oO | 3 a | & | ae | 7 
| 
1 | 7.47, 30.40) 0.138; 3.28 | 3.86, 2.48) 6.34 6.40 | Normal human. 
2 7.42) 31.20) 0.126) 2.95 | 3.90) 2.53) 6.43) 6.45 , st 
3 | 7.44! 31.05) 0.132) 2.82 | 3.88) 2.55) 6.43) 6.47 | . * 
4 | 7.42) 33.33) 0.135) 2.80 | 3.87| 2.55) 6.42) 6.44 | “3 
5 7.33) 31.03) 0.101) 2.94 | 4.00) 2.53) 6.53) 6.47 | i . 
6 | 7.49) 27.43) 0.131) 2.58 | 3.88) 2.59) 6.47) 6.55 | Nephrosis. Low 
| | plasma 

| | proteins. 

7 | 3.96, 2.64, 6.60 6.55)  “ . 


| 7.34) 32.92) 0.110) 2.29 | 





Salt solution: » = 0.160. pK’s,»,CaCOs; = 7.40. 


exceeds that found for salt solutions of similar ionic strength. 
The ionic strength of serum has been estimated from the analysis 
of the constituents of serum to be 0.167 (Van Slyke and col- 
laborators, 1925) where proteins are assumed to behave as uni- 
valent anions. In Table XIII have been collected the results 
of analyses of normal and pathological serum as drawn. The 
pK’, ». of CaCO; for a salt solution of similar ionic strength has 
been given for comparison. 

The great discrepancy in the values for p([Ca] < [COs ]) 
between salt solutions not containing phosphate and in equi- 
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librium with solid CaCO;, on the one hand, and serum in vivo, 
on the other hand, gives rise to a question of great interest and 
importance; namely, the significance of this product in serum as 
drawn, and the factors which are responsible for it. Several 
possibilities suggest themselves as an explanation for the existence 
of calcium in the amounts in which it occurs in serum. 

(1) Serum in the body may not have direct access to the bone 
in the manner of a solution saturated with a solid salt. Hence 
not being in equilibrium with bone, serum in vivo may be super- 
saturated or undersaturated with respect to the calcium salts. 
(2) One or both of these salts may be present in finely divided 
form in suspension. (3) Whether in equilibrium with bone or 


TABLE XIV, 
Effect of Saturating Normal Horse Serum with Solid CaCO; for Varying 
Lengths of Time at 38°. 











a | on, 

2 | | — 
ei ha | | BIB | ato | 3 | i 
£| #3 | alg xl9 | SE | aie | lag] ¢ iss 
2 8 ~ ime) Me | ee ie Cia | eB i Se 
,| 3 ar — | ale | x | garg ag | x |x! 
| # | :|2!]¢s] b | 8 lexl 2 | glee 
@| 8 -/e&|2!|esilaw iat) ¢] Ss |sa 
; oe SS a a 

| | | } 

1| 0 7.47 | 31.07, 29.68, 0.141) 3.37 | 0.28 | 3.09 | 6.32 | 6.38 
2| 5 min. | 7.44 | 31.35) 29.74) 0.133) 3.36 | 0.30 | 3.06 | 6.35 | 6.38 
3| 1hr. | 7.43 | 31.39) 29.77) 0.130) 3.36 | 0.31 | 3.05 | 6.36 | 6.38 
4\22“ |7 


-17 | 19.07; 17.44) 0.042) 3.46 | 0.96 | 2.50 | 6.84 | 6.63 





not, calcium may be present in serum in an amount governed 
merely by the specific ion effect of the proteins or other sub- 
stances to be found in serum, not present in our simple salt solu- 
tions. (4) Calcium in serum may be present as part of a complex 
ion or molecule of a substance, which is but slightly dissociated. 
Evidence will be offered in the following sections in support of 
our belief in the last named hypothesis. 

To test the first possibility, horse serum was shaken at physio- 
logical CO. tensions in contact with solid CaCO; for varying 
lengths of time. At constant pay+ no change occurred in the total 
calcium up to 22 hours. The value of p({Ca] x [CO; ]) was 
greater at the end of the saturation period but the pag*+ was 
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lower, which, as later experiments show, practically accounts for 
the increase in this product (Table XIV). 

This might suggest that the serum in vivo was already in equi- 
librium with solid CaCO; in the body. If this were indeed true, 
it seemed that equilibration of the serum with solid CaCO; after 
depletion of the calcium content of serum should result in the 
solution of CaCOs, or augmentation of the calcium content should 
result in precipitation of calcium until the original product [Ca] 
x [CO;3”] was satisfied. This was not simply realized, however, 
as the following experiments show. 


TABLE XV. 
Experiment Illustrating Failure of Serum to Dissolve CaCO; after Partial 
Precipitation of Calcium Originally Present by NazC204. 
Original calcium concentration = 3.01 mm per kilo of H:0. 
After precipitation with Na,C,0., Ca = 0.64 mm per kilo of H.0. 
Saturated with solid CaCO; at 38° for 24 hours. 


























(CO) | [CO] | 10al | 
oa. | | ML | 0 | «x10 | poo= | pCa | Rossy 

| kg. H:0 | “ke. LO kg. HO | 

| 

‘serine 
1 7.02 | 36.52 | 0.0548| 0.596 | 4.26 | 3.22 | 7.48 
2 | 7.18 | 33.58 | 0.0751) 0.511 | 4.12 | 3.29 | 7.41 
3 7.34 | 29.36 | 0.0978 | 0.404 | 4.01 | 3.39 | 7.40 





Solubility of CaCO; in Serum after Partial Precipitation of the 
Calcium as Calcium Oxalate. 


The calcium of serum was partially precipitated as calcium 
oxalate by the addition of a weighed amount of sodium oxalate. 
After allowing the serum to stand, the calcium oxalate was re- 
moved by centrifugation and the serum was equilibrated for 24 
hours with solid CaCO;. At the end of the saturation period 
the serum was analyzed for its pay+ and CO, and calcium content. 
The results of this experiment are given in Table XV. They 
show that CaCO; did not dissolve again after the calcium content 
had been depleted by precipitation as calcium oxalate. 

That the serum had not lost its power to hold calcium in solu- 
tion, however, is shown by Table XV. 

After precipitation of the calcium as calcium oxalate, CaCl, 
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was added to the serum in a quantity comparable to its original len 
calcium content. This serum was then equilibrated with solid re 
; an Pp 
calcium carbonate and analyzed after 20 hours. The results of x\ 
this experiment, given in Table XVI, show that the serum had ma 
not lost its power to hold calcium in solution. 
TABLE XVI. 
Experiment Illustrating Ability of Serum to Hold CaCl, in Solution after 
Precipitation of the Original Calcium with NazC204. | 
Original calcium concentration = 3.28 mm per kilo of H.O. wi 
After addition of Na:C.0,,Ca =1.11 “ “ “ “& & 
“ee “ “e CaCl, Ca = 3.25 “ “ “ “ “ 
Saturated with solid CaCO; at 38° for 20 hours. Ex 
Experi- | tos | (COs=) | [Ca] | oan 
ment Payy+ MX 108 | MX 10? | MX 10% pCOs= | pCa m ral x 
No. | kg. H2O | kg. H:0 | kg. H20 | | | =] “= 
| | 
| | 
1 6.99 | 29.48 | 0.041 | 2.94 | 4.30 | 2.53 | 6.92 
2 6.97 | 27.73 | 0.0366 | 2.995 | 4.44 | 2.52 | 6.96 
3 6.92 | 28.40 | 0.0336 | 2.93 | 4.48 | 2.53 | 7.01 
TABLE XVII. - 
Effect of Saturating Horse Serum with CaCO; after Increasing Original 
Calcium Concentration by Addition of Ca (HCOs3)s. 
S z oo |F T | Te 
> : 210 | 3/2 ; } LY 26 
. 33 == | Dis | 29 | §& | ol 
: =e | xe | Sy | xe | g “e 
= oe eb ; = 
e | @8 , “Tr | oa a | we 
ra es | 5 | @ = vx Os 
es] pe | & L. o. L. | = = 
1 | 0 7.50 | 35.71 | 0.175 | 7.09 | 5.91 | 5.99 
2 5 min 7.40 37.03 | 0.143 7.02 6.00 6.00 
3 | 1 hr. | 7.59 | 35.24 | 0.214 | 7.02 | 5.82 | 5.97 , 
4 | 3 “ | 7.54 | 35.90 | 0.193 | 7.00 | 5.87 | 5.98 
5 |22 “ | 7.39 | 34.58 | 0.131 | 7.09 | 6.03 | 6.02 
Sa : 
Solubility of CaCO3 in Serum after Augmentation of the Original 
Calcium Concentration. 
To serum was added Ca(HCOs3). in an amount sufficient to 
double the original calcium content of serum. This serum was 
then equilibrated with solid CaCO; and analyzed after varying 
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lengths of time. Apparently, none of the added calcium was 
precipitated, as shown by the results of this experiment (Table 
XVII). Furthermore, the log product, p({[Ca] x [CO;°]) was 
markedly constant throughout the 22 hours of saturation. 


Solubility of CaCO; in Serum after Removal of Phosphates and 
Augmentation of the Calcium. 


Having found in later experiments that equilibration of serum 
with augmented calcium at payt above 8.0, in the presence of 


TABLE XVIIL. 
Experiment upon Solubility of CaCOs; in Horse Serum after Increasing 
Calcium Concentration and Saturating Serum with Solid CaCO; and 











Ca;(POx4)s. 
é al " 
: lag 88 ag! & | 
: | ¥ 3 at x ” x | Remarks. 
Pig tzaip lel dl 
a] a ]e2)e) s/s 
1 | 7.40* 3.48 | Initial condition. 
2 6.55 | After addition of Ca(HCOs)s. 
3 |[>8.5 2.51 | “ saturation with CaCO; + 
| Ca(PQs,)s. 
4 |>8.5 | 6.20 | After addition of CaCle. 
5 |>8.5 | 1.95 | € gaturation with CaCO, 
| alone. 
6 7.15 13.800.0288 2.56 | 7.13 | After equilibration with CaCOs, 
alone, at 25mm. CO, tension. 








* Assumed. 


solid CaCO; and Ca;(PO,)2, reduces the amount of inorganic 
phosphate in solution, and believing that the presence of the 
inorganic phosphate of serum may have prevented the precipi- 
tation of CaCO; in the previous experiment, serum was treated 
in this manner until no determinable amount of inorganic phos- 
phate remained in solution; 7.e., the concentration was less than 
0.01 mm per kilo of H.O. The calcium concentration at this 
time was 2.51 mm. Calcium chloride was then added until the cal- 
cium concentration was 6.20 mm, and this serum was saturated with 
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solid CaCO; at pay+ = 8.5. After 18 hours the calcium concen- 
tration was 1.95 mm, showing that 4 mm of CaCO; had been precipi- 
tated by saturation with solid CaCO ;. It should be noted, however, 
that phosphates were now absent from the serum. Continued 
saturation of the serum with CaCO; at 25 mm CO, tension at a 
pay+ of 7.15 resulted in the solution of 0.6 mm of calcium, the 
amount which one would expect to dissolve in a salt solution of 
serum ionic strength andCO; concentration, as one passed from 
pay+ 8.5 to 7.15. These results are shown in Table XVIII. The 
total amount of calcium in solution finally, 2.56 mM, was still about 
1 mm more than one can account for simply by the solubility of 
CaCO; and the effect of the proteins, and this in the absence 
of phosphates. This experiment seems to indicate, therefore, 
that in the absence of phosphates, calcium is precipitated by 
saturation with CaCO; from serum even though it has been 
greatly increased in concentration. 

Taken in conjunction with the previous experiment, it would 
appear that to the presence of phosphates in the serum may be 
assigned, in part at least, the rdle of delaying or preventing the 
precipitation of calcium after augmentation of the calcium. That 
the presence of the phosphates is not necessary for the maintenance 
of the calcium level above that accounted for by the salts and the 
proteins is also shown. It is recognized, however, that with the 
precipitation of the phosphates, the precipitation of some other 
factor which is involved in the maintenance of the normal calcium 
level is not precluded. 


Effect of Varying pay+ upon the Solubility of CaCOs. 


The pay+ of the serum was varied from approximately 6.0 to 
8.0 by varying the CO, tension, and the serum rotated in contact 
with solid CaCO;. The results of one such experiment are given 
in Table XIX and graphically presented in Fig. 3. It will be 
seen that only at the highest pag+ was there a significant drop 
in calcium. This was accompanied by a drop in phosphate. 
Calculating the precipitated salt as Ca3(PO,), the decrease in 
phosphate corresponded to a decrease in calcium of 0.43 mM as 
compared with an observed fall of 0.58 mm. It is of more impor- 
tance, however, that the total calcium concentration did not 
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TABLE XIX. 































































































en- 
pi- Solubility of CaCO; in Horse Serum Saturated with Solid CaCO; at 38° and 
- Varying pa,,, Values. 
- Length of saturation, 16 hours. 
a . | | = | | 2 
! s | i 2 * ° 
he Zz | | Sis a | alo | 3) | Si | fo} 
2 | | we | Se 23 | So | enin xm | & 
of ¢ | le | ald x!5 esis $55 a|2 x 
5 oe i alae | =x/ | Sxl. = = 
m 2 rt 3 3S = | S$3/2 | Sal? a | & 
ne ga | & 2 2 2 & § o <x 
at 1 |6.30| 58.03! 0.01 | 3.23 | 0.76 | 3.63 7.45 
of 2 | 6.91 39.61 | 0.045 | 3.23 0.75 0.89 2.34 | 6.84 
e 3 | 7.51) 31.60} 0.158) 3.21 | 0.74 0.25 2.96 6.29 
7 4 |7.97| 28.36| 0.397| 3.14 | 0.73 | 0.10 | 3.04 | 5.90 
y 5 | 8.46 | 24.37 1.084 | 2.65 | 0.48 0.036 | 2.61 | 5.54 
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Fic. 3. The negative log product of [Ca] X [CO;*]in serum under vary- 
ing conditions plotted against pay,;-. 


change from pay*+ = 7.5 to pagt = 6.3. Because of the change 
which occurs in CO;= ion concentration with changing pag*, 
the negative log product pK’s», CaCO; varies progressively with 
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the payt. At pay+ 6.3 to 6.4,-p([Ca] xX [COs ]) equals that 
obtained in salt solutions of the same ionic strength. 

Assuming that each of these solutions was in equilibrium with 
solid CaCO; it is possible to calculate [Ca++] and [CaX] at each 
Pay+. The results of such a calculation are given in Table XIX. 

These experiments have been repeated several times with the 
same result. They show the variation of CaX with changing 
payt and suggest the hypothesis that up to a certain point CaX 
exists in greater amount at more alkaline reactions. Were it 
a calcium proteinate compound which were concerned, this 
phenomenon would be understandable, because it is well estab- 
lished that serum proteins bind more base at higher pay+ values. 

It may be felt that in a solution containing such a preponder- 
ance of sodium salts, one would not expect a significant amount 
of calcium proteinate to be formed. However, as the citrate 
experiments presented in the previous section indicate, when a 
slightly ionized compound is formed, one may reasonably look 
for an increased amount of calcium. 


Influence of Serum Concentration upon CaCO ; Solubility. 


To determine whether the [CaX] concentration varied propor- 
tionally to the amount of serum in the solution equilibrated with 
CaCO;, horse serum was diluted with known proportions of a 
salt solution of the same inorganic salts of serum and of the same 
ionic strength. These solutions were equilibrated with solid 
CaCO; at definite CO. tensions. The results of such an experi- 
ment are given in Table XX ‘and the amount of CaX has been 
calculated for each concentration of serum. This is approxi- 
mately proportional to the concentration of serum in the solution 
equilibrated although the fact that the payt+ values are not iden- 
tical makes it impossible to compare strictly the results with 
each other. 


Influence of the Proteins of Serum upon CaCO; Solubility. 


Serum was dialyzed in collodion bags until chloride-free, then 
NaCl and NaHCO; were added until a solution of serum ionic 
strength was obtained. Calcium was also added in the form of 
CaCl, so that its initial concentration was 5 mm. This solution 
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was equilibrated with solid CaCO; at varying pay+, and analyzed 
for total Ca, COs, and pagt. The results of these experiments 
are given in Table XXI. The amount of unionized calcium per 


TABLE XX. 


Solubility of CaCO; in Serum Diluted with Varying Amounts of Salt Solution 


of Same Ionic Strength. 


Composition of Solution. 
per cent per cent 


Experiment 1. Serum, 100 Salt solution, 0 


“ 2. “ 60 “ “ 40 
“ 3. “ 30 “ “ 70 
“cc 4 “ 10 “ “ 90 





Each equilibrated 20 hours with solid CaCOs. 





1) | 














z | | alg | 88 | atc | aig | & 
E | | x™ | Xfo | She | 5 
-/S |] sie | 2 Xl 2\2 x 
Bile | r = | ad 1 > = 
z ml Ss S =z i|°é . . = Ss) 
a | 8 | | 8 5 | & is Z 
| | | 
1 | 6.97 | 20.93 | 0.0276 | 3.15 | 4.56 | 2.50 | 1.82 | 7.06 
2 7.08 | 22.12 | 0.0387 | 1.84 4.41 2.74 | 0.94 7.15 
3 | 7.14 | 26.73 | 0.0545 0.95 4.26 3.02 | 0.35 7.28 
4 | 7.30 | 28.68 | 0.0863 | 0.58 4.06 3.24 | 0 7.30 
| | | ! 





TABLE XXI. 


Solubility of CaCO; in Dialyzed Horse Serum, wp = 0.150. Total Protein = 


57 Gm. per Kilo of H20. 














; | | = | | 

oS | | alo | 2'O i \ ° 

: | Se | Xe | alg gs | S3 | 

= } xX | x) xi o x5 | 

E Alas | A lad v7) x | # | ad | 

< * nee | | Ad = -- | oom, 

3 = = t, a 8 | & | He 
my s ~ io) s — | x1 4 Ld 
iS | 3 = J 2 a = | = 
1 |7.67¢ | 32.60 | 0.2380 | 1.075 | 6.59 | 0.93 | 0.0163 
2 | 7.48¢ | 30.38 | 0.1415 | 1.075 | 6.82 | 0.83 | 0.0145 





gm. of protein was found to be 0.0163 mm at pagt = 7.67 and 
0.0145 mm at payt = 7.48. Extrapolated to pag+ = 7.4, the 
value for the amount of calcium bound per gm. of protein is 


0.0137 mM. 
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The amount of calcium bound by serum proteins may be evalu- 
ated also in the following way. By plotting the amount of cal- 
cium found in serum and transudates of serum containing 
amounts of protein varying from 0.0 to 80 gm. per kilo of water 
against the protein concentration, one obtains the curve given in 
Fig. 4. The data from which this figure is made are taken partly 
from data published by Salvesen and Linder, and partly from data 
obtained in connection with this investigation. These data may 
be considered to be those obtaining in solutions at pay+ = 7.4 and 
of a constant ionic strength, approximately 0.165. The equation 
for the line relating the calcium to the protein concentration is 


(71) [Ca] = 0.014 [P] — 1.4 











Calcium mM per Kg.H20 
i: 5 
To j++ 
« 
q 




















Protein gm. per Kg.H20 


Fic. 4. The total calcium of serum and transudates plotted against the 
protein concentration. The straight line has the equation [Ca] = 0.014P 
— 1.4. 


where [Ca] = total calcium concentration in mm per kilo of H.0, 
and [P] = gm. of protein per kilo of H.O. These data taken 
from human serum and transudates as drawn from the body indi- 
cate, therefore, that the calcium bound per gm. of protein = 0.014 
mM at pag+ = 7.4. This compares well with the value of 0.0137 
mm estimated for horse serum proteins. 

Although our data are admittedly scanty, it is of interest to 
use them to derive a relationship between the calcium bound by 
protein, the protein concentration, and the pay+. Such an ap- 
proximate expression fitting our results obtained upon solutions 
of dialyzed serum protein is 
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(72) [CaP] = 0.01 [P] (pa,,, — 6.0) where 
[CaP] = the calcium bound by protein in mm Ca per kilo of H,O 


[P] = the protein concentration, in gm. per kilo of H.0 


The above relationship is purely empirical and holds only for 
the conditions in which the salt concentrations are those found 
in serum. 

The question may be raised as to whether the increase in the 
ionic strength of the serum due to the proteins may not be suffi- 
cient to account for the increase in calcium due to their presence. 
This we do not believe to be the case for reasons given previously 
and in the following. Assuming that the increase is due to an 
increased ionic strength of the solution, and that the following 
formula holds 


ApYcat+ = 0.5 2(V a - V ur) 


In a salt solution of » = 0.170 without protein, the concentra- 
tion of calcium at pay+ = 7.4 is about 0.4 mm. In serum under 


— vw a 0.4 
similar conditions, it is about 1.4 mm. Now Li may be con- 


sidered to be equal to the change in the activity coefficient in 
passing from a solution without protein to serum. For simplicity 
we shall calculate the increase in » as if we passed from 0.0 to 
w ionic strength. Therefore 


0.4 . 
APY cg = — log TG =05X2X2 Vn =2V un 


Solving for y, one finds it equal to 0.073. If the ionic strength 
of serum were 0.073 more than the value of 0.167 calculated 
from inorganic salt analyses, then the activity coefficient of a 
univalent ion such as HCO;~ would be 0.57 instead of 0.63, the 
value actually found and which is the value found for a salt 
solution of ionic strength u» = 0.167. That it may play some 
role is not denied, but, in the absence of more exact knowledge of 
the effective valence type of the serum proteins, it does not seem 
profitable to attempt to evaluate the portion of calcium which is 
bound to the proteins in the non-ionized form, and the portion 
which represents the reduction in activity due to the ionic 
strength of the added protein. 
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Solubility of CaCO; in Transudates. 


In a few instances analyses were made of edema fluid as drawn 
from the body. These results are given in Table XXII. They 
show that when allowance is made for the réle played by the small 
amount of protein present, there is still a large discrepancy be- 
tween the amount of calcium which is found and the value cal- 
culated for a salt solution which is in equilibrium with solid CaCO,. 
These figures are given in the column headed [CaX] — [CaP]. 


TABLE XXII. 
Calculation of p((Ca] X [CO;=]) and [CaX] in Transudates, as Drawn. 


| | | gs 
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| } | | | | | | | 
Mar. 29, 1923 7.46e|31.8 0.141 |1.6 0.2811.32} 2.97] 0.04/1.28) 1.2.6.65 
“ 99,1923 {|7.41e'31.8 (0.125 |2.0 [0.321.68'26.6 | 0.38/1.30) 1.2/6.60 
May 8, 1923 7.45e/25.3 |0.110 |1.5 |0.3611.14) 2.4 | 0.03)/1.11) 6.78 
Sept. 21, 1923/7. 47e/38.200.174 |1.41)0.231.18) 3.0 | 0.04/1.14) 1.06.61 


.46c'32.26.0.143 |2.30'0.28'2.02/33.0 | 0.48/1.54| 1.36.49 
.12¢/31.03,0.0617)1.98 0. pepe’ | Ouas | 
After satura- | | 

tion with | | | 

CaCO; at 38°. | | P| 


| | 
*Ca proteinate calculated from the equation Ca =e! = 0.01 protein 
(Pays — 6.0). 


~J 


Dec. 1, 1925 
Sept. 29, 1924 


_— 











In order to determine whether edema fluid is in equilibrium with 
solid CaCO ; it was equilibrated with solid CaCO;. The calcu- 
lated amount of [CaX] — [CaP] was 1.16 mm, showing that there 
had been no measurable loss in this moiety of the calcium due to 
the saturation. This fraction of the calcium, as we have stated 
before, is considered to be calcium in the non-ionic form, but 
whether it is unprecipitated Cas3(PO,)2 or CaHPO,, or is an un- 
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dissociated calcium organic compound, it would be impossible to 
decide from these experiments. It should be pointed out in 
connection with the above experiments, that the values of 
[(CaX] — [CaP] are approximately equimolar with the concen- 
tration of phosphate. 


Effect of Parathormone on CaCO; Solubility. 


Since extirpation of the parathyroid glands results in such 
marked reduction in the calcium concentration of serum, it was 
obvious that one should attempt to demonstrate an influence of the 
parathyroid hormone prepared by Collip upon the solubility of 
CaCO; in salt solutions and in serum. 


TABLE XXIII. 
Effect of Parathormone upon Solubility of CaCO3 in Salt Solutions, u = 0.175. 
Solutions saturated 20 hours with solid CaCO; at 38°. 





























fe) Se s = lo , 
2 | gs. | §8 e@ | SE | al - 
5 25° gfe 2 x!"5 =| x/= | 9 
B E33 3. )h 2 | = xii 
~ geo | gexXly +, = J - fs) 
Bas = 8 Ale s & gS & = 
1 0.0 3.25 7.33¢ | 19.77 | 0.0642] 0.93 7.22 
2 2.0 3.25 7.47c | 29.80 | 0.1356] 2.18 6.53 
3 0.0 0.0 7.53c | 31.84 | 0.1672] 0.56 7.03 
4 2.0 0.0 7.36c | 22.09 | 0.0771 0.62 7.33 





This has been attempted, but, although an effect of the para- 
thyroid hormone upon the solvent power of serum for CaCQOs, 
has apparently been demonstrated, it is appreciated that the 
concentration of extract in our solutions was many times the 
concentration which is effective in raising the calcium of the 
blood in vivo. Therefore, in spite of the fact that the following 
experiments seem to indicate that this substance aids in the 
retention of calcium in solution, it is not felt that it, and it alone, 
constitutes the unknown organic substance which combines with 
calcium in the blood. 

In the first experiments, salt solutions of serum ionic strength 
containing no calcium initially, but containing some of Collip’s 
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preparation, were equilibrated with solid CaCO;. No more 
CaCO; was dissolved than would have been dissolved by the salt 
solutions alone, as Table XXIII shows. When the same salt- 
hormone solutions contained calcium in solution initially, satura- 
tion with solid CaCO; did not result in precipitation of CaCO, 
as it did in the case of salt solutions containing no hormone. 
Whether this effect can be attributed entirely to the hormone or 
to the presence of some impurity, it is impossible to say. Nor do 
we know what is the limiting amount of calcium which it would 
be possible for the extract to hold in solution. These are ques- 
tions upon which further work must be done. 

An experiment similar to the above, except in two respects, 
namely that a small amount of phosphate as well as calcium 
was initially in solution, and the saturating phase consisted of 
Ca3(PO,)2 as well as CaCOs;, was also performed. In this case 
the calcium was precipitated to the same level in the presence 
as in the absence of the extract. 

Although these experiments do not prove that the parathyroid 
hormone plays a significant part in maintaining the non-ionized 
moiety of calcium in the body normally, they do constitute evi- 
dence that a substance of biological origin may act like citric acid 
in leading to what appears to be supersaturation with respect to 
calcium carbonate under conditions in which supersaturation is 
apparently precluded as a possibility. 


Solubility of CaCO; in Serum of Parathyroidectomized Dogs. 


Another argument against the hypothesis that the internal 
secretion of the parathyroid glands is the X factor in the blood 
which is combined with calcium in the unionized form, is found 
in the following series of experiments. 

After removing a sample of blood for control analyses, thyreo- 
parathyroidectomy was performed on a dog under ether anesthe- 
sia and with aseptic technique. The operation was performed by 
Dr. Douglas Boyd to whom we are greatly indebted. Samples 
of blood were withdrawn for analysis of the COs, pay+, and Ca 
at various times subsequent to the operation. Well marked 
tetany developed on the 2nd day following the operation, which 
was relieved by the intravenous injection of a 20 per cent solution 
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of CaCl. An attack of tetany recurred on the following day 
and was again relieved by the intravenous injection of CaCl. 
This was repeated several times during the course of 2 weeks. 
The point of particular interest to us was to determine whether 
CaCO; could be held in solution by the blood serum when the 
dog was in tetany and its calcium, as is well known, was markedly 
below normal. Three experiments upon this point, all of which 
showed the same result, were performed. The protocol of one 


TABLE XXIV. 
Solubility of CaCO; in Serum of a Dog Following Parathyroidectomy. 
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1 7.48¢ | 29.30 | 0.1213 | 2.73 6.48 | Anteoperative. Ser- 
um analyzed as 
drawn. 

2 7.42c | 27.76 | 0.115 1.28 6.83 | 5days postoperative. 
Marked tetany. 
Serum analyzed as 
drawn. 








Serum 2 saturated with CaCO; at different pa,,, values after augmenting 
calcium concentration to 3.2 mm with CaCl. 





2a | 7.26 | 28.67 | 0.0782] 3.14 | 6.61 | 
2b | 7.52 | 26.00 | 0.1333} 2.96 | 6.41 | 
2e | 7.67 | 24.17 | 0.1765) 2.87 | 6.29 | 





such experiment is given in Table XXIV. It illustrates that 
although the serum calcium had fallen to 1.28 mm of calcium per 
kilo of water, nevertheless, even after saturation with CaCOs, the 
serum was fully capable of holding calcium in solution if it was 
added as CaCl. 


DISCUSSION. 


Our experiments upon CaCO; solubility in sodium chloride 
solutions provided us with the data necessary for the calculation 
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of the activity coefficient of calcium in salt solutions of varying 
ionic strength. In the case of citrate solutions it was found that 
either the presence of the citrate ion markedly affected the ac- 
tivity coefficient of the calcium ion or a slightly ionized calcium 
citrate compound was formed. The latter hypothesis seemed 
better substantiated by our data than the former. 

In the above experiments, the same final state was reached 
whether one started with a higher or lower initial concentration 
of calcium than was required for equilibrium conditions. In 
experiments with serum these criteria of equilibria could not be 
successfully applied. Serum rotated with solid CaCO; showed 
no change in calcium concentration up to 24 hours’ whether one 
started with a normal, high, or low initial calcium concentration. 
The amount of CaX° in serum, 7.e. the amount present in excess 


5 The calcium of serum drops after 48 hours but concomitantly the in- 
organic phosphate rises indicating that certain splitting of organic phos- 
phate compounds is occurring. This may account for the drop in serum 
calcium found by Irving (1926) after shaking serum with CaCO. 

® Although the behavior of strong electrolytes has been satisfactorily 
accounted for by the theory of complete dissociation and the mathematical 
treatment accorded this theory by Debye and Hiickel, the conformity of 
weak electrolytes to this theory has not yet been as thoroughly demon- 
strated. If one is dealing with a substance in solution which is completely 
dissociated and if one can measure the thermodynamic activity of its ions 
and their stoichiometric concentration, then the activity divided by the 
concentration equals the activity coefficient; e.g., 


Agt + Cl- = AgCl 


Oa gt 
[Ag'] ~ Yaer *ne 


i 
[Cl] Ya- 


In this case the silver ion concentration and total silver concentration are 
identical. 

If, on the other hand, one has a solution of the complex potassium silver 
cyanide, KAg(CN)2, which dissociates but slightly into Ag* ions how should 
one define the activity coefficient of the silver ion? 


KAg (CN), = K+ + Ag(CN)2~ 


tl 


Agt + 2(CN)~ 
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of that accounted for by the salts of serum, is only partially the 
result of the serum proteins. At payt+ 7.40 approximately 0.5 
mm is due to the salts and 1.0 mm due to the proteins, leaving a 
residuum of 1.0 mm unaccounted for. These facts might be 
interpreted either on the hypothesis (a) that a portion of the 
calcium exists in serum in non-ionic form, or (0) that there is a 
delayed equilibrium between the calcium and carbonate in the 
serum. 

According to the first hypothesis the calcium could conceivably 
exist as unprecipitated CaCO;, CaHPO,, or Ca3(POx,)s, or as a 
non-ionized calcium compound. The possibility that it is un- 
precipitated CaCO; seems precluded by the fact that the same 
values of pK{ of HCO; are obtained in normal serum and serum 
from which the calcium has been removed. This would not be 
the case if unprecipitated CaCO; were present. Nor does the 





Will it be 


Os ot Oso 


a ») —ASe 
(a) fAgt] ~ VAet (b) [Ag] ~ Ast 


where [Ag*] represents the molal concentration of the silver ions and [Ag] 
equals the molal concentration of total silver in the solution? In this ex- 
ample the silver ion concentration is only a fraction of the total silver 
concentration. In the treatment of the calcium systems with which we are 
dealing we have used the activity coefficient as defined by expression (a); 
namely, 


Catt 
[Ca**] = Yoa+ 


For the numerical value of YCat+ in serum we have used that value found in 
a salt solution of the same ionic strength (the proteins being regarded as 
monovalent). From yq,++ and the value calculated for Arar the value of 
[Ca++] has been calculated. This, when subtracted from the total Ca gives 
what we have termed the unionized calcium,[CaX]. It should be noted that 
CaX does not represent a single chemical individual however. If it should 
be subsequently proven that the calcium compounds in serum are com- 
pletely ionized, then this treatment would be incorrect and the activity 
coefficient of calcium in serum should be defined as a,,,., divided by [Cal], 


the total molal concentration of calcium in serum. 
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existence of unprecipitated CaHPO, or Ca;(PO,). seem to ex- 
plain the facts because of the observation that serum shaken with 
Cas(POx,)2 results, not in the precipitation of calcium phosphate, 
but of calcium carbonate. The calculated amount of non-ionized 
calcium compound varies with the pay+ and the concentration 
of serum, but is independent of the length of time that serum is 
equilibrated with CaCO;, providing no other change occurs in 
the serum. 

The amount of residual calcium is as high in protein-free 
transudates as it is in serum. This suggests that the residual 
calcium is diffusible. 

Against the first hypothesis is the fact that serum does not 
change its concentration of calcium when equilibrated with CaCO; 
after depletion or augmentation of its calcium concentration. It 
is realized that this is a real difficulty and at present is not under- 
stood. 

According to the second hypothesis, a condition of delayed 
equilibrium exists in serum normally, and some factors are pres- 
ent which prevent the precipitation of CaCO;. The fact that 
serum from which most of the inorganic phosphate has been re- 
moved becomes reversible with respect to CaCO ; suggests that 
the phosphate of serum might be such an inhibiting factor. 
This experiment shows furthermore that there is no physical 
reason, such as coating of the particles, why CaCO; should not 
precipitate from serum. If, however, phosphate brings about a 
condition of apparent supersaturation of CaCO; in serum, it is 
difficult to understand why serum from which the calcium has 
been removed does not return to the initial condition of super- 
saturation, as it does in salt solutions containing phosphate. 
Additional evidence that there is no physical reason why CaCO; 
does not precipitate from serum will be given in the succeeding 
paper where it will be shown that shaking serum with solid 
Ca;(PO,)2 causes the rapid precipitation of CaCOs. 

Further discussion will be postponed until the data of the suc- 
ceeding papers have been given. It may be anticipated, however, 
that our work tends to illustrate the complexity of the system 
serum plus calcium salts and to throw doubt upon the possibility 
of describing the system in terms of any one factor. 
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SUMMARY. 


1. A method has been described whereby the solubility product 
constant of calcium carbonate may be determined. 

2. The method of calculating CO; ion concentration from 
analyses of pagt+ and total [CO,] and of calculating pagt from 
analyses of total [CO.] and CO, tension have been presented. 

3. The stoichiometric solubility product of calcium carbonate 
has been found to vary with the ionic strength, according to the 

4.94 Vy 


1+ 1.61 Vu 

4. The activity coefficient of Ca++ ion has been calculated 
from the above data, and found to vary with the ionic strength 

4.94 Vu ‘ 
—————= - 16 Vx. 
1+161 Vp 

5. The solubility of CaCO ; in balanced salt solutions under 
various conditions has been studied, and the conditions for equi- 
librium determined. 

6. Such solutions, when containing phosphate in solution, 
even in the presence of solid CaCOs, indicated an apparent state 
of supersaturation with regard to that salt. 

7. The solubility of CaCO; in solutions of sodium citrate was 
studied and was found to vary with the pag+ and the concentration 
of citrate. The formation of a slightly ionized calcium citrate 
compound seems indicated. The precipitation of calcium from 
a citrate solution saturated with CaCO;, by equilibration with 
Ca3(PO.4)2 was demonstrated. 

8. Analyses of serum as drawn indicate a stoichiometric solu- 
bility product for CaCO; of 10-*-*° compared with 10-*-*° in salt 
solutions of comparable ionic strength. 

9. This value is unchanged by saturation of serum with solid 
CaCO; up to 22 hours. 

10. Calcium carbonate did not dissolve in serum from which 
much of the calcium had been removed by oxalate. 

11. Calcium carbonate did not precipitate from serum whose 
calcium concentration had been augmented by the addition of 
calcium chloride, even in the presence of solid CaCQs. 


equation pK’,.». CaCO; = 8.58 — 


according to the equation pyqa+ = 
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12. Serum appears to be reversible with respect to calcium salts 
following removal of the inorganic phosphates. 

13. The effect of varying pagt on the stoichiometric product, 
p([Ca] x [CO;"]), has been studied. 

14. The influence of varying the serum protein concentration 
on the product p([Ca] x [CO; ]) was determined. 

15. The solubility of CaCO; is transudates has been studied. 

16. Parathormone was found to influence the solubility of 
CaCO; in salt solutions. 

17. No evidence was found that the serum of parathyroidec- 
tomized dogs was unable to hold as much calcium in solution as 
normal serum. 
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STUDIES OF THE SOLUBILITY OF CALCIUM SALTS. 


II. THE SOLUBILITY OF TERTIARY CALCIUM PHOSPHATE IN 
SALT SOLUTIONS AND BIOLOGICAL FLUIDS. 


By JULIUS SENDROY, Jr.,* anno A. BAIRD HASTINGS. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, September 2, 1926.) 


Continuing the study of the solubility of the bone salts under 
various conditions, this paper has for its purpose the presentation 
of such studies in systems where solid Ca;(PO,)2 was the sole 
saturating body. The general experimental analytical procedure 
outlined in Paper I was followed throughout. The presence of 
another important anion, namely PO,> ion, necessitated the use 
of another set of ionization constants and new tables of calcula- 
tions. The necessary exposition of the material used in calculating 
these experiments is given in the following section. The calcula- 
tions based upon CO, analyses have been given in Paper I. 


Calculations. 


Calculation of PO Ion Concentration from Analyses of Total [PO] 
and the pa,,,. 


In calculating their results, Holt, La Mer, and Chown (1925), did not 
have data available that permitted them to distinguish between the stoi- 
chiometric or apparent dissociation constants of phosphoric acid, Ky’, 
K,’, and K;’ and the constants at zero ionic strength, or the activity disso- 
ciation constants, K;, K»2, and K;. In order to avoid this difficulty, and to 
obtain the proper values to use at different ionic strengths, an attempt was 
made to obtain, either from the literature or from experiments, some idea 
as to how these constants varied with ionic strength. The present section 
has for its purpose an explanation of how such constants were obtained 





* This paper is part of a thesis submitted by Julius Sendroy, Jr., in 
partial fulfilment of the requirements for the degree of Doctor of Philos- 
ophy in the Faculty of Pure Science, Columbia University. 
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and how they were used to calculate the concentrations of the three forms 
of phosphate in salt and serum calcium solubility product experiments. 

Developing our equation in a manner similar to that adopted for cal- 
culating carbonate concentration, we have, from the mass law, 


Ay, X a _ 
H+ H:PO. . 
(1) ——————- = EK 
OHsPO. 


Ons X Yu,p9,- X [HsPO7] 














(2) 
Yuspo, * [HsPO\) 
= n+ x [H2PO,7] -. K, YH:PO, - K , 
: = = i 
[H;PO,] YH.PO.— 
Similarly, 
™ GQ. X [HPO,=] _ K2Vu.ro7 _ Ky’ 
[H:PO,7] YHPO.= 
and 
6) Ony+ x [PO=] va K; YupPo,= a K ’ 
= = 3 
[HPO,=] Yeo.= 


From equations (3), (4), and (5) 








(a44.)® X [POF] 
(6) HHsPO) = ay Ky 
_ (ays)? X (PO! 
(7) [H:PO,—] = Ky Ky 
Os. X [POF] 
(8) [HPO."] = —————- 


Ks’ 


Hence, since 


(9) Total [PO,] = [H;PO,] + [H.PO,7] + [HPO,*] + [PO=] 


o(@5y)* X PO] | (a4y,)* X IPO] | ate X (POM) 


Total [PO,] =. Ky’ K;’ K,’ K,’ K;,’ K;’ 


+ [PO] 





Ot 
phat 


(11) 
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Obtaining the concentrations of the mono-, di-, and trivalent phos- 
phate ions in terms of the total phosphate, we have 


Total [PO,] (a+)? Ki’ 
(@45+)* + (@y+)? Ky’ + On+ K,’ K,’ + K,’ K,’ K;’ 





(11) [H2PO,7] = 


Total [PO.} a, Ki’ Ka’ 
(Gtyys)® + (Oqqs)* Ki’ + Oye Ki’ Ka’ + Ki’ Ky’ Ky’ 





(12) [HPO,"] = 


Total [PO,] Ky’ K,’ K;’ 
(Qy.)° + (@qs)? Ki’ + Oy, Ki’ Ka’ + Ki’ Ky’ Ky’ 





(13) [PO,=] = 


For the calculations in this work, the magnitudes of the first and fourth 
terms of the denominator, (a,,,)* and Ky’ K,’ K;’, are such that they may 


be neglected. 
Thus equations (11), (12), and (13) may be simplified: 


Total [PO,] (a+)? Ki’ 











14 H2P0,"] = 7) -turr 
aa ned, (Gy)? Ka’ + ayy Ki’ Ka 
—_ Total [PO,] Oby+ K,’ K;’ 
15 PO,*] = 
( o [ 4 ] (234)? x,’ mm Cisne K,’ K,’ 
ies Total [PO,] Ky’ K,’ K;’ 
(16) [PO] = otal [ 4] Ki’ Ke 3 


(y+)? Ky’ + yt Ki’ K.’ 


When [PO,=] and [HPO,=] are known, of course, [H;PO,7] is found 
from total [PO,] by difference, instead of by the laborious use of equa- 
tion (14). 


First Dissociation Constant of Phosphoric Acid. 


From equation (3) we obtain, on taking the negative logarithm 
of all terms, 


(17) pKi’ = pK: + PYq,p0, ~ PYx,Po.- 

Since we have no data on the activity coefficient of HsPQ,, 
it is assumed to be unity. Therefore, py, po, disappears, and 
we have 


(18) pK,’ = pKi — PY HPO.” 
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For the activity coefficient of an ion, in dilute solutions, Brén- 
sted and La Mer (1924) have given the limiting equation de- 


veloped as a consequence of the Debye-Hiickel theory, 
(19) — log 7;,, = 0.5 27? Vu 


Hence, theoretically, in dilute 
0.5 ~/#, and pK,’ = 


where 2; is the valence of the ion. 
solutions, we should have py,,55- 
pK, — 0.5 Vz. 

Examination of the literature revealed that very little work 
had been done on this constant. Noyes and Eastman (1907), 
by conductivity measurements, determined the effect of varying 
concentrations of phosphoric acid on the first dissociation constant 


TABLE I. 
First Dissociation Constant of Phosphoric Acid at 18°. 


Recalculated from Noyes and Eastman’s data given by Abbott and Bray 
(p. 749). 

















ee Ky’ X 102. Sroens pKy’ | — 
0.1 1.12 1.12 1.95 0.316 
0.08 1.07 1.07 1.97 0.283 
0.05 1.01 1.01 1.995 0.224 
0.0125 0.90 0.90 2.045 0.112 
0.01 0.88 0.88 2.055 0.100 
0.002 0.71 0.81 2.09 0.045 
0.0002 0.63 0.65 (2.185)* 0.014 








* Not used in plotting the data. 


at 18°, and their results were found recalculated in the work of 
Abbott and Bray (1909) (p. 749, Table X). Table I contains 
these values corrected for one or two errors, apparently of calcu- 
lation. The ionic strength has not been calculated on the mola- 
lity basis, but this is unnecessary here, inasmuch as the calculations 
are subject to much greater errors. The temperature is 20° 
lower than that for which we have adopted these figures, but the 
temperature coefficient of such weak acids in this range is probably 
not very great. Furthermore, the concentration was varied by 
increasing concentrations of H;PO,. There can be no doubt 
that the specific ion effect in such a solution may be quite different 
from that in one of NaCl of the same concentration. 





XUM 


l- 





J. Sendroy, Jr., and A. B. Hastings 787 


However, although the values calculated by it may be greatly 
in error, we have adopted for our calculation the equation which 
seems best fitted to suit the data, as affording some indication of 
the variation in magnitude of this constant between infinite 
dilution and the salt concentrations used in these experiments. 

The data have been plotted in Fig. 1 with pK,’ as ordinates and 
1/# as abscisse. Extrapolation to ~/# = 0 gives the empirical 
equation which fits the data, as 


(20) pKy = 2.11 — 0.5 Vp 


(21) Hence, PYx.P0,- = 0.5 Vu 




















0 004 008 Of2 0% 02 O24 O26 Ose 
Va 
Fig. 1. The variation in the first dissociation constant of H;PO, with 
ionic strength. Values of pK,’ are plotted as ordinates and Vp as abscissa. 
The equation of the solid line is pKy’ = 2.11 — 0.5 Vp. 


Abbott and Bray give K,’ = 1.1 X 10~ at a normality of about 
0.09, or x = 0.3. Accordingly, using pyypo- = 0.5V#, 
pK; would be 2.12 which is in good agreement with Noyes and 
Eastman’s data. For salt solutions at ~/# = 0.390 and for serum, 
we have used the value K,’ = 1.22 & 10-° or pKy’ = 1.915. 


Second Dissociation Constant of Phosphoric Acid. 
From equation (4) we obtain 


(22) pK,’ = pK: + PYq,po,- ~ PYypo," 
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The Brénsted-La Mer equation given above would make 
PYupo,- = 2-0 Vu. Hence in dilute solutions, pK’ should = 
pK. — 1.5+/u. 

For this constant various authors have given values in the 
literature. Apparently the stoichiometric dissociation constant 
pK,’ is greatly affected by the medium in which it is determined. 
Unpublished experiments done in this laboratory give as a first 
approximation, pK,’ at 20° = 7.18 — 1.25+/u where the ionic 
strength was varied by increasing concentrations of NaCl. The 
pK,’ was determined by the equation 


[HPO,*] 
23 . = pK,’ + log ———_ 
(23) PO pK,’ + lo (H.PO.7] 
Varying proportions of the monobasic and dibasic phosphate were 


mixed and pa,,, determined electrometrically. Assuming that 


Ht 
the temperature coefficient of 0.03 obtained by Hastings and Sen- 
droy (1924) holds for all dilutions, 


(24) pKy’ at 38° = 7.15 — 1.25 Va 
and 
(25) PYypoe = 1.75 Va 


We have used values for pK’ based on these formulas in all of 
our phosphate calculations. 

Michaelis and Kruger (1921) and Michaelis and Garmendia 
(1914) have also published results with which our data agree very 
well. Their values for pK,’ in solutions of varying sodium 
chloride, phosphate, and sulfate content, indicate a difference in 
activity coefficient of the dibasic phosphate ion due to specific ion 
effects. However, inasmuch as our experimental salt solutions 
and serum contain a predominance of NaCl over the concentration 
of the other salts present, we have taken our value for pK,’ at 
different ionic strengths as determined by the results with solu- 
tions of NaCl, and have used the constants so obtained in calculat- 
ing all phosphate determinations. 

Abbott and Bray (p. 755, Table XVII) give a value, when re- 
calculated, of pK,’ = 6.73 at 38° for ~/u = 0.55 in a solution of 
sodium ammonium phosphate salts. This value fits in with the 
data cited before and also with our own. 
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For salt solutions at ~/“ = 0.390 and for serum, we have used 
the value K,’ = 2.19 X 10-7 or pK,’ = 6.66. 


Third Dissociation Constant of Phosphoric Acid. 
From equation (5) we obtain 
(26) pK,’ = pK; + PYHPO.= _ PYpo,= 


The Brénsted-La Mer equation would make py,,= = 4.5 Vx, 
and pK;’ = pK; — 2.5>/#. For this constant, Abbott and Bray, 
Blane (1920), Brydges (1911), and Prideaux and Ward (1924) 
have given different values ranging from 3.6 X 10-" to 1 & 107”. 
Most of these results were obtained at room temperature and 
under various experimental conditions. However, no information 
could be found upon the variation of the third stoichiometrical 
dissociation constant with varying ionic strength. Accordingly, 
in order to obtain some idea of the effect of varying concentration 
on the activity of PO; ion, an attempt was made to obtain the 
necessary values at 38° experimentally. This was done by 
determining the pa,,, and the concentration of tribasic and dibasic 
phosphate ions in solutions whose ionic strength was varied by 
NaCl. Since it was impossible to work in CO,-free solutions, 
the CO, content was also determined and correction made for the 
amount of NasCO; and NaHCO; present; correction was also 
made for the concentration of NaOH. These results have been 
plotted in Fig. 2 with pK;’ as ordinates and ~/# as abscisse. The 
empirical equation approximately fitting these data is 


(27) pKy’ = 12.66 — 2.25- Vu 


from which 


(28) PYpo= = 4.0 V/ " 


Although the points determining the line which fits the above 
equation lie between concentrations +/# = 0.25 and 0.50, and it is 
realized that the extrapolation to zero ionic strength involves an 
error of considerable magnitude, in the absence of better data 
we have been forced to use the above value for all phosphate cal- 
culations. Most of the experiments on salt solutions, and cer- 
tainly those on serum, have concentrations between the above 








790 Solubility of Calcium Phosphate 
limits. For salt solutions at ~/# = 0.390 and for serum we have 
used the value K;’ = 1.66 X 10-” or pK;’ = 11.78. 

It is believed, that while the three constants for phosphoric 
acid derived in this section may be quite in error, particularly 
K, and Ks, nevertheless, they seem the best available at the present 
time. 

EXPERIMENTAL RESULTS. 


Solubility of Ca3(PO,)2 in Salt Solutions.—In view of the thor- 
ough study made by Holt, La Mer, and Chown, we have made no 
attempt to study aqueous systems in equilibrium with Ca3(POx,)s, 
as completely as those in equilibrium with CaCO; and with both 


Viz 

Fig. 2. The variation in the third dissociation constant of H;PO,4 with 
ionic strength. Values of pK;’ are plotted as ordinates and +/ as abscisse. 
The equation of the solid line is pK3’ = 12.66 — 2.25 Vp. 


salts. In order that our picture of the various systems might be 
complete, however, and the results comparable with each other, 
a few experiments in which only solid Ca;(PO,)e was the solid 
phase have been performed. 

Holt, La Mer, and Chown studied the solubility of Ca;(PO,)2 
in salt solutions of varying ionic strength. Using the constants 
for phosphoric acid which we have in part determined and in part 
obtained from the literature, we have recalculated their data in 
order that our experimental results may be compared with theirs. 
These experiments are discussed in Paper III in connection with 
the variation in solubility product of Ca3(PO,)2 with ionic strength. 

The aqueous systems in which pK’, ,,, Cas(PO,)2 was determined 
all contained salts in amount and kind comparable to those found 
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in serum and transudates. The solutions were equilibrated at 
38° from 20 hours to 8 days with solid Cas(POx,)2 at definite CO. 
tensions. At the end of the saturation period, the liquid phase 
was analyzed for CO:, total phosphate, calcium, and pa,,,. 
From these results were calculated [CO;~] and [PO,-] concentra- 
tions. Each of these, when multiplied by the calcium ion concen- 
tration, is the apparent solubility product for the salt studied. 
The results are given in Table II. In all of these experiments the 





















































TABLE Il. 
Solubility of Cas(PO4)2 in Salt Solutions Saturated at 38° with Solid 
Ca3(PO4)s. 
Initial concentrations. Final concentrations. 
Experi- s . 

ment | “Sturation | (CO:—|| Total [PO | [Cat] oO} | tHCO~} | [COs=] 
No. mu X10? | X10 | wx 109} ISH, | ex tor | ae x 108 
kg. H,O kg. H2O kg. H2,O0 kg. H:O kg. H20 kg. HsO 
— 

7 20 hrs. 30.27 0.0 0.0 27.14 25.58 0.097 
10 8 days. | 30.27 0.0 0.0 28.53 27.17 0.130 

6 20 hrs. 30.27 0.0 7.76 18.17 16.64 | 0.041 

4 — = 30.27 1.21 | 0.0 25. 66 24.19 0.094 

3 |20 “ 35.32 | 1.21 | 4.65 | 25.05 | 23.48 | 0.079 

Final concentrations. 
i = — PK’, p, PK’, ». 
Temi! | BOG | Th | page | CHC | coats | 
kg.H:;O0 | kg.H:O | kg. H:0 

7 1.97 6.42 0.05 7.37 8.31 27.28 0.381 
10 0.96 4.07 | 0.03 7.47 8.41 28.34 0.385 

6 | 0.126 | 0.242 0.59 7.18 7.62 26.93 0.376 

4 3.69 12.36 0.04 7.38 8.43 27.00 | 0.379 

3 2.03 | 5.79 0.04 7.32 8.50 27.68 0.384 





final concentration of calcium was so low that the results are not as 
reliable as those of our other experiments. However, it is quite 
apparent that in Experiments 4, 7, and 10, in which no calcium was 
originally present, the amount of calcium in solution at equilibrium 
was not sufficient to exceed the solubility product of CaCO. 
The values of pK’,,,, Cas(PO4)2, however, are more nearly of the 
order of magnitude to be expected in solutions of this ionic 
strength. 
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Experiment 4 is of particular interest because although the 
initial phosphate concentration was 1.21 ma, the final concentra- 
tion was 3.69, indicating that 1.24 mm Ca;(PO,). had gone into 
solution. Had none of the calcium precipitated, there would have 
been 3.72 mm calcium present at the end of the experiment, 
whereas analysis showed only 0.04 mm. If this calcium had 
precipitated as CaCQ;, there would have been a fall of 7.36 mm in 
[HCO;-]. The fall was actually 6.11 mm. This suggests that 
possibly some of the Ca;(PO,)2 reacted with NaH:PO,; in the 
solution with the resulting precipitation of CaHPOQ,. 

In Experiments 6 and 3, calcium was initially present in solution; 
phosphate was initially present in solution in Experiment 3, but 
not in No. 6. After 20 hours saturation, most of the calcium had 
been precipitated and 0.126 mm of phosphate had been dissolved. 
The product pK’,,,, Cas(PO,)2 was nearly normal but pK’,,, 
CaCO; was high, indicating unsaturation. 

All of the values for pK’,,,. Cas(PO,)2 were higher than the 
corresponding values in salt solutions saturated with both solids. 
In the main, these experiments illustrate the greater difficulty 
which is encountered in bringing to equilibrium a system involving 
Ca;(PO,)2, particularly if one starts from zero calcium concen- 
tration. Under these conditions, the solubility product of CaCO; 
was not equalled or exceeded. 

These results are in marked contrast to similar experiments 
in which only CaCO; was the saturating body. Under such 
conditions, saturation of the solution with CaCO; resulted in 
apparent supersaturation in the case of both CaCO; and Cas(POx)2 
when phosphate was initially present in the solution, regardless 
of the initial calcium content. Here, saturation with solid Cas;- 
(PO,)2 for as long as 8 days did not result in the sclubility product 
of CaCO; being equalled. Furthermore, even when an excess of 
calcium was initially present, the solution was still unsaturated 
with respect to CaCO;. Inasmuch as the solutions of this section 
were not equilibrated in the presence of solid CaCOs, results ob- 
tained for pK’,,,, were not contrary to anything that might have 
been expected for such systems. 

Soludility of Cas(POs)2 in Serum.—From analyses of the Ca, 


inorganic phosphate, and Pa,,, of serum as drawn, one may 
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calculate the product [Ca]’ x [PO,~}*.* In horse serum at pa,,, 
= 7.40 this is approximately 22.50 when expressed as p((Ca]® x 
[PO,- }*) and agrees well with values found by Holt, La Mer, 
and Chown when recalculated with the use of the constants given 
in the previous section (see Table III). This represents a high 
degree of apparent supersaturation over the value found at 


equilibrium in salt solutions of the same ionic strength. 


TABLE IIL. 
p([Ca}* X [POG |") of Serum before and after Shaking with Cas3(PO,4)2 at 38°- 
Recalculated data of Holt, La Mer, and Chown (p. 575). 















































[Ca] Total [PO.) [PO,=] 
payt+ M X 10° mM X 108 MX 108 pPO,= pCa pCa3s(PO.)s 
kg. H2O kg. H20 kg. HO 
I. Human T. C. G. H.O assumed, 930 gm. per liter. 
7.40 | 2.72 | 111 | 3.92 | 7.407 | 2.565 22.51 
7.70 | 0.484 | 0.520 | 3.96 | 7.402 | 3.349 | 24.84 
II. Human C. O’D. H:,0 assumed, 930 gm. per liter. 
7.40 | 2.74 | 1.22 | 4.31 7.365 | 2.562 22. 42 
7.70 | 0.672 | 0.503 | 3.83 7.417 | 3.298 24.73 
III. Horse 5515-H. H,O assumed, 940 gm. per liter. 
7.35 2.93 | 1.17 3.61 7.443 | 2.533 | 22.49 
7.40 0.718 0.720 2.54 7.595 3.144 | 24. 62 











Thus Ca;(PO,)2 as in the case of CaCOs, is present in serum 
as drawn in a condition of apparent supersaturation. Unlike the 
behavior of serum in the presence of CaCO;, however, saturation 
with Ca;(PO,)> results in the precipitation of calcium. Holt, 
La Mer, and Chown showed this to be the case for human and 
horse serum by analyses of the serum before and after saturation 


* Since pK’s.p. Cas(PO4)2 = 3 pCa*++ + 2 pPO<, it is erroneous to 
use pK’s.p, Cas(PO,)2 for the term 3 pCa + 2 pPO,=. Here Ca denotes 
the total calcium, and until it can be definitely proved that this quantity is 
all ionized calcium, the use of pK’s.p. Cas(PO,)2 should be carefully 
restricted. For convenience, we shall hereafter refer to p([Ca]* X [PO.= }*) 


as p Ca;(PO,)2 and p([Ca] X [CO;~ ]) as pCaCOs. 
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with Cas(PO,): for a period of 1 to 2 weeks. In their three experi- 
ments (Table III), the calcium decreased 2.24, 2.08, 2.21 mm per kilo 
of H,O; correspondingly, the total inceganic phosphate decreased 
0.59, 0.72,0.45 mm. These data show that the calcium could not 
have been precipitated entirely as CaHPO, or even as Ca;(PO,). 
which has the highest Ca:P ratio. Calculated with our con- 
stants, the value of p([Ca]* X [PO;"]*) or pCas(PO,)2 = 24.84, 
24.73, and 24.62, respectively, after saturation as compared with 
the value 22.50 before saturation. 

We have confirmed this result in the following manner. Horse 
serum was equilibrated with Ca;(PO;). at a tension designed to 
keep the pa,,, approximately 7.4. After varying intervals of 
time, samples were removed for analysis of the COs, inorganic 


TABLE IV. 
Effect of Saturaling Horse Serum at 38° with Solid Ca3(PO.4)2 for Varying 
Lengths of Time. 





| 











aA pay | Su} [HCOs~]}[COs=] (Pod Pov=]| (Cal | 
Ee colori-| x5 5¢ jos} MX 10° | m X 105) tgs] a X 108) MX 108 pCaco;;, = 
BE metric). kg. H,0| kg. H20 ~ H20) = He 20 |ke- nae H:0| | 6 
a -|——_|- \— eae - 
1/0 7.47 | 32.32] 30.78 | 0.147| 0.787] 3.33 | 3.19 19 | 6.33 | 22.46 
2 | min.| 7.28 | 28.91} 26.96 | 0.083) 0.904! 2.31 | 0.74 | 7.21 | 24.66 
3 5 hr. 7.37 | 27.13) 25.57 | 0.097) 0.815) 2.66 | 0.62 | 7.22 | 24.78 
| | 
4 | 33 hrs. | 7.37 | 27.39) 25.80 | 0.098) 0.860) 2.80 | 0.62 | 7.23 | 24.77 
| 


| ! | 





phosphate, Ca, and pa The results of this experiment are 


H+ 
given in Table IV. It is seen that the greatest precipitation of 
calcium took place within the first 5 minutes and was practically 
complete at the end of 1 hour. Longer saturation failed to 
bring about further precipitation of calcium. 

The form in which it precipitated under these conditions is a 
matter of great interest. As there was little or no change in the 
inorganic phosphate during the experiment, the possibility of the 
calcium having been precipitated as a phosphate seems precluded. 
‘There was, however, a marked decrease in the bicarbonate con- 
centration which quantitatively accounts for the precipitation 
of the calcium as CaCQs. 

In the first interval the decrease in calcium was 2.45 mm. If it 
precipitated as CaCOs;, the [HCO;"] concentration would have 
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fallen 4.90. Allowing for the change in pa,,,, the decrease in 
[HCO; ] was 4.66 mm. Similarly, in the next interval one may 
calculate from the decrease in calcium, an expected fall of 0.24 
in [HCO;"]. By analysis the decrease was 0.35 mm. It would 
seem then, that one cannot be dealing here with a system super- 
saturated with respect to Ca3(PO,)2 in the usual sense of the term. 

This result is quite comparable to that obtained with the sodium 
citrate solutions mentioned in PaperI. There, the citrate solution 
was first brought into equilibrium with CaCO;. Upon exchanging 
the CaCO; for Cas(PO,)2 as the saturating body, calcium carbonate 
was precipitated. This illustrates a behavior of citrate solutions 
toward calcium salts, analogous to that of serum. The signifi- 
cance of these results will be discussed in the following paper. 


SUMMARY. 


1. From data in the literature, the equation relating the first 
dissociation constant of phosphoric acid to the ionic strength of the 
solution has been found to be pK;’ = 2.11 — 0.5-/u at 18°. This 
value was applied to our work done at 38°. 

2. From our own data, and from that in the literature, the 
equation relating the second dissociation constant of phosphoric 
acid to the ionic strength of the solution has been found to be 
pKe’ = 7.15 — 1.25V/p at 38°. 

3. From our own data, the equation relating the third dissocia- 
tion constant of phosphoric acid to the ionic strength has been 
found to be pK;’ = 12.66 — 2.25+/ at 38°. 

4. The solubility of Ca3(PO,)e in salt solutions under various 
conditions has been studied. 

5. The solubility of Cas(PO,)2 in serum has been studied. The 
results indicate a rapid precipitation of CaCO; when solid 
Cas3(PO,)2 is added to serum. 
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STUDIES OF THE SOLUBILITY OF CALCIUM SALTS. 


Ill. THE SOLUBILITY OF CALCIUM CARBONATE AND TERTIARY 
CALCIUM PHOSPHATE UNDER VARIOUS CONDITIONS. 


By JULIUS SENDROY, Jr.,* anp A. BAIRD HASTINGS. 
(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, September 2, 1926.) 


It is well known that the two primary bone salts are CaCO; 
and Ca3(PO,)2, with more or less CaHPO,. Probably the best 
available figures for the amount of CaCO ; in bone are those of 
Goto (1918) whose analyses for calcium and for carbonate by an 
improved method of Van Slyke (1918) give values in bone of 
normal rabbits of 14.3 per cent calcium and 5.0 per cent CO, 
(carbonate 6.8 per cent). The figures for phosphate cannot be 
used because they include the organic phosphate of the marrow 
lipoids. Calcium carbonate would evidently be 11.3 per cent, 
and tertiary calcium phosphate, if all of the remaining calcium 
be assumed in that form, would be 25.3 per cent, giving a 
CaCQOs; : Ca3(PO,)2 ratio of 31 per cent : 69 per cent. Although 
some carbonate may have been present as the sodium salt, this is 
nevertheless a decidedly higher figure than the 15 : 85 per cent 
ratio commonly quoted for the bone salts, and places somewhat 
more stress on the importance of calcium carbonate in calcium 
metabolism. 

In the absence of evidence as to the presence of CaHPO, in 
bone, the study of the solubility of the calcium salts of bone was 
confined to CaCO; and Ca;(PO,)2. Having obtained the results 
of the preceding paper for tricalcium phosphate under various 
conditions, and in view of the results of Holt, La Mer, and Chown 
(1925 a, b) which appeared while the study of calcium carbonate 


* This paper is part of a thesis submitted by Julius Sendroy, Jr., in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy 
in the Faculty of Pure Science, Columbia University. 
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equilibria was in progress, it seemed desirable, since bone contains 
solid CaCO and Ca3(POx4)e, to ascertain the equilibrium conditions 
for salt solutions and serum in the presence of these two solids, 
A priori, one would expect that equilibrium for both, that is a con- 
dition of saturation for both salts, would only be obtained in the 
presence of the two salts as saturating bodies. The experiments 
performed clearly indicate, with a few exceptions that seem 
fairly well capable of explanation, that such is the case. 

In accordance with the theoretical considerations given, for any 
salt solution in equilibrium with solid CaCO; and Ca3(PO,)s, 
the following equations hold: 


(1) Goats X igo, = Kap, CaC0s 
(2) (@o,4++)* x (4p9=)° = Ks.p. Ca;(PO,)2 


Eliminating a,,,,, one obtains 


™ Qo," _ _Kgp, CaCO, 
(4p9,=)! Ks p. (Ca;(PO,) 2)! 





For any solution of fixed ionic strength, 


[CO;*) K’ap. CaCO; 


(4) — = 
[PO=]! K’sp, (Cas(PO,):)! 





or expressed in terms of negative logarithms 


2pPO0,= K’s 3(PO4)> 
(5) pCO, — > = pK xp, CaCO, — P°*?: ~ — 





This equation shows that in any solution in equilibrium with both 
solid salts, CaCO; and Ca;(PO,)o, there will be a definite ratio 
between the CO;~ ion concentration and the PO; ion concentra- 
tion; and one and only one ratio is compatible with equilibrium 
for both salts. Furthermore, fixing either the [CO; ] or the 
[PO,>] fixes the [Ca++] which can be in equilibrium with the solid 
phase at that ionic strength. 

One may fix the system in any one of a variety of ways. We 
have centered our attention on fixing the pay+ within physio- 
logical limits by adjusting the CO, tension. This has fixed the 
[COs-] which in turn fixed the [Ca++]. Where phosphate was also 
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present, there must have been a further adjustment until the 
(CO; ] .., ; ee 
——- satisfied the requirements of equilibrium. 


[PO,]8 


ratio of 


EXPERIMENTAL RESULTS. 


Effect of Varying Ionic Strength on Apparent or Stoichiometric 
Solubility Products of CaCO; and Ca3(I’O4)2. 


Salt solutions were made up as outlined in the previous papers. 
Each solution contained calcium, phosphate, and bicarbonate with 
1 per cent of volume added in weight as CaCO ; and Ca3(PO,)s. 
Eight different solutions were prepared, the ionic strength 
being increased in the second and third by NaHCOs, after which 
the NaHCO; concentration was kept constant and the ionic 
strength increased with NaCl. The experiment was repeated 
(Series A) by preparing eight new solutions. Calcium was 
analyzed in 5 cc. samples and titrated with n/200 KMnQ,. 
The results given by electrometric pay+ determinations were all 
so unsatisfactory, apparently due to the electrode ‘‘poisoning”’ 
encountered by Holt, La Mer, and Chown, that the pay+ was 
calculated on the basis of total CO, and CO, tension analyses as 
outlined in the section on calculations. 

The analytical determinations of calcium gave the value of 
[Ca++] immediately, since the difficultly soluble salts are assumed 
to be completely ionized. For each of the sixteen solutions, 
Ppay+ was calculated by equation (50), Paper I, by using the 
proper values for a. in accordance with equation (48). From 
the total [CO,], values for [CO; ] and [HCO;7] were obtained by 
equations (32) and (33), respectively. From the total [PO,] 
values for [PO,;~] and [HPO,"] were obtained by equations (16) 
and (15), Paper II, respectively. 

Tables I and II contain the data obtained in these experiments. 
They have been plotted in Figs. 1 and 2 with plX’,,,.CaCQs 
and pk’, ,Cas(PO,)2 as ordinates, and /u as abscisse. The 
equation of the line through these points was obtained in the 
following manner. 

In order to calculate pK’, ,, of CaCO; and Ca3(PO.)2 accurately, 
it was necessary to employ the stoichiometric values for the two 
dissociation constants of carbonic acid, and the stoichiometric 
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values for the three dissociation constants of phosphoric acid, 
which corresponded with the ionic strength for which one was to 


calculate pK’, ». 


The data for the carbonic acid constants and 



































TABLE II. 
Variation of pK's.», Cas(POx)2 at 38° in Salt Solutions of Varying Ionic 
Strength. : 
pK,’ = 2.11-0.5 Va 
pK,’ = 7.15 — 1.25 Va 
pK,’ = 12.66 — 2.25 Va 
st#flzef]. at | 4 | 
E H.| Beg | - &§ SE lal & | 
soles) ¢%a | Xa | FX 1] £1 OS | wee , 
eiF) 2? | e** | ow |e el ee] |S 
1 | 7.35} 0.37 | 0.214 | 0.452 '3. 34519. 669) 29.37|0.0130\0. 114 
1A | ia 0.40 | 0.262 | 0.408 mee 29.33 — 
2 | 7.20; 1.42 | 0.668 | 0.380  /8.420)9. 175) 28. 61/0.02260. 150 
2A | 7.37) 1.45 | 1.14 0.268 pomeee eee wanes nan 
| | | 
3 17 ~ 2.29 2.23 0.190 |3.721/8.652) 28. 47/0.0323.0. 180 
4 | 7.39) 2.51 3.35 0.229 |3.640/8.475| 27.87|0.0526 0.229 
4A | _ 3.02 | 4.12 0.210 - 8. 385| 27.80/0.0550 0.235 
| 
5 | 7.39) 2.43 4.10 0.238 |3.623'8.387| 27.64|0.0726.0. 269 
5A “ 2.80 4.97 0.233 [3. 6338. 304 27.51/0.0751/0.274 
| = | 
6 | 7.37) 2.55 5.53 0.273 |3.564'8.257| 27.21/0. 1029.0. 321 
6A | 7.39) 3.06 7.19 0.226 |3.646 8.143) 27. 22/0. 1055/0. 325 
| ma ee | 
7 | 7.36 2.89 8.48 | 0.306 |3.5148.072) 26.69/0. 1435.0. 379 
7A | 7.38 3.02 9.60 | 0.273 |3.5648.018 26.73/0. 1460 0.382 
7.38 2.59 10.77 0.333 |3.478'7.968 26.37/0. 1843 0.429 
8A | 7.35] 2.70 | 10.43 0.342  |3.466'7.982) 26. 36/0. 1849 0. 430 














those for phosphoric acid were obtained from various sources 
described in the preceding papers in sections devoted to the subject. 

Upon plotting the experimental points for pK’, ,, against the 
square root of the ionic strength it was seen that the curves for 
carbonate and phosphate deviated slightly from a straight line. 
The lowest ionic strength in these experiments being a little over 
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0.01 (Vy = 0.114), a graphical extrapolation to zero ionic strength 
seemed a questionable procedure. In order, however, to check 
it up with theory, the following treatment was employed to 
locate the activity solubility product, pK’,,,, and at the same 
time to determine the best theoretical curve, running from the 
solubility product at zero ionic strength, through the stoichio- 
metric solubility products at increasing salt concentrations. 





r— = rT >) ) a ee 





pk'sp CaCO; 





0 00 10 O15 020 «2025 «=080S—CisC“‘<«é‘éi SSC‘ MSC«SO 
VE 

Fig. 1. The solubility of CaCO; in salt solutions of varying ionic strength 
saturated with CaCO, and Ca3(PO,)2 at 38°. Values of pK’, ».CaCOs; are 
plotted as ordinates and yy as abscissw. The curved line has the equa- 
. - ‘ 4.94Vy 
tion pK’s.p,.CaCO; = 8.58 — —— EV : 
1 - 1.85 Vu 

According to Hiickel, the activity coefficient of strong 
electrolytes varies with the ionic strength in accordance with a 

BV u : 
ae ee 
1+ AVu 
(see equations (20) and (21), Paper I) where B, A, and C are 
constants depending, among other factors, upon the electronic 
environment, secondary electrical effects such as “salting out” 
or hydration, the average size of the ions, and the change in 
dielectric constant of the solvent with salt. In the case of such 


formula which has the general form — log 7,4; = 
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slightly soluble salts as CaCO; and Ca3(PO,4)2, one may assume 
complete dissociation and apply directly the theory of strong 
electrolytes as presented in the section on theory. In the case of 
weak electrolytes, which obey the classical law of mass action, the 
ions must of necessity be subject to the same influences as those 
of strong electrolytes. 















0 005 O10 O15 020 O25 030 035 040 045 050 
Vu 
Fic. 2. The solubility of Cas(PO,)2 in salt solutions of varying ionic 
strength saturated with CaCO; and Ca;(PO,)2 at 38°. Values of pK’s.p. 
Ca;(PO,)2 are plotted as ordinates and yy as abscissw. The curved line 


, = . 17.40 Vu 
has the equation pK’s p.Cas(PO,)2 = 30.95 — — : Ve. 
1+ 1.48 yu 


25 ——— 
| a ee | 
271+ +4 
‘Ze ee 
sl 
Ss 28 
= +. anon 1140V2_| 
3 a0 PH sp = 3099 778 
4 | 
Q | 
30+ Lt 
4 Bone 
1 x 
3 } CaC0s+Cas(POg) 
$1 | @ Hott,LaMer and Chown 
32) 1 
| 
| 


Calculation of pK's.»,CaCO;.—According to the equations of Paper I, 
(6) Aoa++ x a co. = = Ks.p. CaCO; 


(7) YCat+ [Cat*] X Yco;= [CO;*] = Kg.p, CaCOs 


.___ K’s.p, CaCO, 


(8) [Ca*+] [CO;=] = 
Ycat+ * Yoo," 


or pKg.p, CaCO; = pK’s.p, CaCO; + p ¥qy++ + P ¥co,= 
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But since by definition, the activity coefficient of a salt is the geometri- 
cal mean of the activity coefficients of its ions, 


P¥ca++ + PYCO,= 





(9) 2 = P¥cacos 
(10) or pKs,p, CaCO; — pK’s,p, CaCO; = 2 preago, 
(11) ApK’s.p, CaCO; = 2 prcaco, 
According to Brénsted and La Mer (1924) 

ohn, = — logie %., = a'sit: Vp 


where vy = number of ions of the salt, a’ is a universal constant, and z; and 
z. are the valences of the ions. Hence 


(12) A pK’s.p, CaCOs = 2pyo,c9, = 4 We 


Their expression holds for highly dilute solutions only, but by the addi- 
tion of another term 0.878c, it may be corrected so that it is valid to a 
concentration of 1 = 0.2. For higher concentrations, the formula of Hiickel 
(1925) is better suited, and we have accordingly adopted it, omitting the 
correction factor Cu. 

Drawing graphically an approximately average curve through the six- 
teen points for pK’, ». CaCO; and extrapolating to zero ionic strength, 
pK’s.». CaCO; was found to be approximately 8.6. Since equation (12) 
holds for dilute solutions, it was applied in its simplest form to the points 
of lowest ionic strength, namely 1, 1A,2,2A. These gave the average value 
8.58 for pKs ». CaCOs, which agreed with that found in experiments already 
described with only CaCO; as the saturating body. This figure was then 
used as the basis of further calculations to obtain the constants of equation 
(18). Of course, the two methods of extrapolation, although they agree 
quite well, afford no assurance that the solubility product at infinite dilu- 
tion is any more accurate than to about 0.1. However, the value found, 
arbitrary though it may be, serves its purpose. It furnishes the basis for 
calculating the expression representative of the empirical points found, as 
placed on a theoretical curve. 

According to equations (21), Paper I, and (11), 


BV _ A pK’s,p, CaCO: 





(13) PYcaco, = =_= 
CaCOs 1 & A Vu 2 
By inversion and separation into different terms, 
2 1+AVu 1 A 
(14) + Vu ; 


apK sy. C000,” BV, BV 'B 





Thu: 


whic 


inte 


(15) 
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2 1 
Thus, when plottin = ae 
' 3 pK’s.p. CaCO; 8 ‘he ine can b rawn 





' . - 1 
which determines the empirical constants B and A, the slope being D’ the 


A 
intercept B Thus 
5 : 1+ 185 Vu 
(15) ee az 
A pK 8.P. CaCO; 2.47 Vu 
or 
(16) p 2.47 Vu A pK’s,p, CaCO; 
a _CaCo; 
CaCOs 1 + 1.85 Vu 2 





or 


ss 4.94 Vu m 

(17) 2PYcaco, = 7 ———> ApK’s.p, CaCO; = P¥oat+ + PYco,7 
1+ 1.85 Vu 

Hence, by equations (10) and (17), the equation for the theoretical line 

through the experimental points will be 


4.94 Vu 


(18) pK’'s,p, CaCO; = 8.58 — ——— = 
1+ 1.85 Vp 

Table III shows how those points fit the calculated curve. 

Of course, they must fit fairly well, since the constants B and A 

were derived by using them in calculations. However, the 

possibility of working in such a manner with the results recorded 

may be regarded as an index of the accuracy of the experimental 





work. 
We cannot compare our estimations directly with those of 


Johnston because of the fact that our measurements were carried 
out at 38°, whereas his were made at 16°. From the work of 
Leather and Sen (1909), Johnston (1915) calculated that the 
solubility product of calcium carbonate at 40° was 0.5 x 107%, 
or pK’,.p.CaCO; = 8.30. The ionic strength of the solution 
was approximately 0.005 which corresponds to the value 8.29 
for pK’,.p.CaCO; on Fig. 1. This is cited to show that the order 
of magnitude of our values is not inconsistent with what has been 
found in past studies on CaCO; solubility. 

Attention may be called here to the difference in the two curves 
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for pK’,.,.CaCO ; obtained when salt solutions are saturated with 
CaCO; in the presence and absence of Ca3(PO,)2. By equation 
(63), Paper I, when » = 0.16, pK’,.,.CaCO; = 7.38, while equa- 
tion (18) gives pK’,.,.CaCO; = 7.44. As can be seen for equa- 
tions (18) and (63), Paper I, the effect is marked only at the 
higher concentrations and is apparently real, for the averages of 


TABLE III. 
Comparison of Observed and Calculated pK',»CaCO; at 38°, at Various 
Ionic Strengths. 














Sait = PK’s p, PK’s p, | PK ’s.p 
Experiment No. | Ve ahaies. dene, duction. 
1 0.114 8.12 8.12 0.00 

1A 0.114 8.12 8.12 0.00 

2 0.150 8.00 8.00 0.00 
2A 0.150 8.00 7.98 —0.02 

3 0.180 7.91 7.90 —0.01 

4 0.229 7.78 7.75 —0.03 
4A 0.235 7.77 7.76 —0.01 

5 0.269 7.69 7.69 0.00 
5A 0.274 7.68 7.67 —0.01 

6 0.321 7.58 7.61 +0.03 
6A 0.325 7.58 7.63 +0.05 

7 0.379 7.48 7.49 +0.01 
7A 0.382 7.48 7.49 +0.01 

. | 0.429 7.40 7.38 —0.02 
8A 0.430 7.40 7.41 +0.01 











the several different determinations at this region under the two 
conditions also give values which are distinctly different. Appar- 
ently, the presence of PO, ion, of unsymmetrical valence type 
with respect to Ca++ ion, exerts some secondary salt effect. 
As a consequence of the theory of strong electrolytes from the 
standpoint of electronic forces between ions and their surrounding 
environment, this discrepancy might be expected. It is unknown, 
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however, whether the slight amount of phosphate in these solu- 
tions could account for the differences in the two curves. 


Calculation of pK’s.». Cas(POs)2.—This development is analogous to the 
one for calcium carbonate: 


(2) (ca++)® X (apo,=)? = Kap. Cas(PO.)s 


(19) (vege)? [Ca**]® X (ypo,=)? [POM]? = Kap, Cas(PO,)s 


Ks,p, Ca;(PO.): . , 
(20) [Cat]? x [POS]? = 22? = KY, Cas(PO)s 


(Yoat+)* (Yeo=)’ 
or, transforming to logarithmic form, 


(21) pKs.p, Caz:(PO.)2 = pK’s.p, Cas(PO«)2 + 3 PYca++ +2 PYpo,= 


3 P¥o,++ + 2 P¥po= 
inal paosctanarllllle 


22) 5 = P¥Cax(POu: 

Hence, 

(23) pKs.p, Ca;(POs)2 — pK’s.p, Cas(PO«2 = 5 PYCas(PO,)2 
(24) A pK’s.p, Cas(PO4)2 = 5 PYCa3(PO.)s 

By equation (19), Paper I, 

(25) A pK’sp, Cas(POWds = 5 Pr¢qpoy, = 15 We 


for dilute solutions. Extrapolating back graphically, and with the aid 
of equation (25) from points of lowest ionic strength 1, 1A, 2, and 2A, 
the activity solubility product at zero ionic strength was found to be 
30.95. Such an extrapolation involves an error in pKs.p, Cas(PO«)2 of 
probably 0.3. 

Although Hiickel’s equation has not been applied to salts of unsym- 
metrical higher valence type, in the absence of any other method that 
would yield a better expression for the variation of pK’s.», Cas(PO,)2 with 
ionic strength, it was decided to employ such an equation to fit the data, 
as had already been done for calcium carbonate. With this reservation, 
the calculations were performed as before. 


BVu  __ ApK’sp, Cas(POs)s 





(26) Py moans 7° 
Cas(PO.)2 1 he A Vu 5 
nis 5 ~1+AVu_ 1 VA 
A pK’sp. Cas(PO.: BWV BV, B 
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5 





Plotting 


A pK’sp, Cas(POws 


B = 3.48 and A = 1.48. 


(28) PYCax(PO.2 = 


1 
against —- as before, 


Accordingly, equation (26) becomes 





348-Vu A pK’ap, Ca;(PO.)s 
1+ 148 Vu 5 
TABLE IV. 


Comparison of Observed and Calculated PK’ s.p, Ca3(POx)2 at 38°, at Various 
Tonic Strengths. 























ial a | PK’s p. PK’s p, PK’s p, 
eepeinaat Be. | Ve | cnloulnted. cheurved. | deviation. 

| 0.114 2.25 | 29.37 | +40.12 

1A | sO. 14 29.25 29.33 | +0.08 

2 | 0.150 28. 82 28.61 —0.21 

2A | 0.150 28. 82 28.60 —0.22 

3 | 0.180 28. 48 28.47 —0.01 

4 | 0.229 27.97 27.87 —0.10 

4A | 0.235 27.92 27.80 —0.12 

5 | 0.269 27.60 27.64 +0.04 

5A | 0.274 27.56 27.51 —0.05 

6 | 0.321 27.16 27.21 +0.05 

6A 0.325 27.13 27.22 +0.09 

7 0.379 26.73 26.69 —0.04 

7A 0.382 26.70 26.73 +0.03 

8 0. 429 26.39 26.37 —0.02 

8A | 0.430 26. 38 26. 36 —0.02 

or 
17.40 Vu " 
(29) 5 PYCay(POs)s = 141.48 Vu =A pK 8.P. Ca;(PO,: = 3 PYcat++ + 2 PYpo= 


Hence, by equations (29) and (21) the equation for the theoretical line 
through the experimental points will be 
17.40 Vn 


(30) pK’, p. Cas(PO,)s = 30.95 — 
se 1+ 148 Vp 
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Table IV shows the difference between actual experimental points and the 
calculated curve. 


At this point, it may be interesting to compare the foregoing 
results with the curve for pK’,.,.Cas3(PO,)2 obtained by Holt, 
La Mer, and Chown ((1925, a) p. 544), in which the ionic strength 
was varied by means of KCland NaCl. They apparently did not 
distinguish between K, the dissociation constant at infinite 
dilution, and K’, the stoichiometric or apparent dissociation 
constant of an acid. Consequently, it may be expected that the 
use of the three dissociation constants of phosphoric acid atthe 
same value throughout would give a curve which would be differ- 


TABLE V. 
Variation in pK's yp, Cas(PO,)2 at 38° with Varying Ionic Strength. 
Recalculated from Holt, La Mer, and Chown (1925, a), Table V, p. 538. 
Ca(OH)2+H;PO,, shaking 8 days. 



































2 | alBnleaalcn!l aml | | =| | 

E | | | SRESRSSR TS Se fn | ce} 
as| & |i aiz/Zale/ algiE avis] | 2 |Z8} | & 
eS ee ee ee et ee 
1 | 5.21 | 1.96 | 3.71 | 3.66 0.053} 2. 84 2.707|11.547|31.22'0..0058,0.076 
2 | 5.27 | 1.98 | 3.63 | 3.57 | 0.064) 4.38)2. 703 11.358 30. 820.0098/0.099 
3 | 5.33 | 2.00 | 3.58 | 3.49 | 0.084) 8.992.699 11.046 30. 19 0.02160. 147 
4 | 5.46 | 2.07 | 3.54 | 3.39 | 0.155) 41.622. 684/10. 381/28. 81/0. 0690/0. 263 
5 | 5.51 | 2.12 | 3.54 | 3.33 | 0.214) 98.2 [2.673 10.007 28.03 0.13240. 364 
6 | 5.52 | 2.22 | 3.59 | 3.37 | 0.223104 2.653, 9.983 27.93 0. 1326.0. 364 
7 5.53 | 3.11 | 4.04 | 3.65 | 0 0.391428 — [2.507| 9.363 26.260. 2618 0.512 





ent from one that would be obtained by the use of constants, 
which have been corrected for the known increase which takes place 
with increasing concentration. Accordingly, their values have 
been recalculated using the constants as given in the preceding 
paper, and placing their concentrations on a molality instead of 
a molarity basis. This was done by using a water content which 
varied with the concentration according to the approximate for- 


mula obtained at room temperature at this laboratory; namely, 
(31) (996 — 30 u) = gm. of H,0 per liter. 


The results are shown in Table V and Fig. 2 
It is at once evident that the two curves differ considerably in 
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the value for pK’,.,.Ca3(PO;). at zero ionic strength, their curve 
giving on extrapolation, pK,.,. Ca3(PO4)2 = 32.50 as compared 
with our value of 30.95. 

Inasmuch as the two sets of data were obtained from two differ- 
ent systems, it is impossible to tell whether technique or some 
other factor is the source of the discrepancy. The experiments 
recorded in these papers were done in the presence of solid CaCO; 
and Ca3(PO,).; theirs were obtained by adding Ca(OH), to 
H;PO, and shaking for 8 days to permit complete precipitation. 
In these particular systems, when the solid is present initially one 
might expect to attain equilibrium sooner than when waiting for 
the solid to precipitate. Their reaction (pay: 5.21 to 5.53) 
resulted in a much smaller concentration of PO; ion and a cor- 
respondingly greater concentration of HPO, , H2PO, , and Ca++ 
ions. In view of their demonstration of the specific effect of 
excess H,PO, ion on pK’,.p.Ca3(PO,)s, it is difficult to understand 
why that ion did not exert a similar effect in these solutions. 
Even in the presence of NaCl and KCl, the tendency to increase 
the stoichiometric solubility product with increasing concentra- 
tion, should have been much more than it was. Their pay: 
values, on the basis of nN/10 HCl = 1.04 would make pK’,,. 
Ca3(PO,4)2 even greater by 0.08 or 0.09. Inasmuch as it is not 
known whether there was any correction made for diffusion 
potential, their data have been recalculated at their original 
Pay+ values. 

Activity Coefficients of CaCO;, Ca3(POx)2, and Ca++ Ion in Salt 
Solutions of Varying Ionic Strength——The experiments on the 
variation in stoichiometric solubility product of CaCO; and 
Ca3(PO,)2 with varying salt concentration, enable one to calculate 
the activity coefficient of the salts. By utilizing the activity co- 
efficients of the CO; ion and the PO; ion given in the section on 
constants and equations, one may calculate the activity coefficient 
of Ca++ ion and its variation with ionic strength. 

By definition, the activity coefficient of a salt is the geometrical 
mean of the activity coefficients of its ions. Thus 


(Yout+)* X (ypo,=)* = (YeayPow.)* 


(22) 3 Prcat+ + 2 Prpo= = 5 P¥¢a,P0.)s 


var 
cal 


or 


(3 
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Therefore, it will be necessary to evaluate the activity coefficient 
variation with ionic strength, for the anion of the particular 
calcium salt being studied. According to Hastings and Sendroy 


(1925) 
(32) Prco,- = 1.6 Vu 
(9) 2 P¥cacos = P¥ca t+ PIco,* 


By substituting the value of 2 py,,.o, from equation (9) 


494 Vin 1.6 Vu 


(33) py = 2 py — P¥co,77 = — ‘ 
Ca++ CaCO; COs 1 + 1.85 Vu 


or 
4.94 - 
(34) p ee 
Tout (; + 1.85 Vp ) ' 


In the same way, usINg PYpo,= 48 derived in Paper II, we have 


(28) Prpo= = 40 Vu 
(22) 5 P¥cayPO.: = 3 P¥cat+ + 2 Prpo= 
(35) P¥ca++ = § PrcaPo.: ~ 3 PrP 
3.48 Vp ) J 
= §( ————-]} - 7 4.0 Vi) 
° ( +148V,/ ° “ 
5.80 - 
_ 580 Ve _ og V/; 
1+ 148 Vu 
or 
5.80 . 
(36) re (ter — 2.67) Vu 
ae 1+ 148 Vu 


Table VI and Fig. 3 represent the values for the activity 
coefficients of CaCO; and Ca3(PO,)2 varying with ionic strength, 
calculated according to the equations of the preceding paragraphs. 
Column 5 gives Ca++ ion activity coefficient values from the 
CaCO; solubility data, while those of Column 9 are derived from 
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the corresponding data on Ca3(PO,)>. Examination of the 
carbonate data reveals the fact that even at the lowest concen- 
trations, the activity coefficients of CO; ion and Ca++ ion are 
different. This is in accord with what little evidence has so far 
been obtained on individual ion activities. The activity coeff- 


TABLE VI. 
Variation with Ionic Strength of the Activity Coefficients of CaCO3, Ca3(POx4)2, 
and Ca** Ion at 38°. 





S S 2 

z/| 6 ‘ £ | 6 
Le 5 © t 3 a t 
&& ry + 2 + 
So 3 S a] + J = ] + 
Ra |] F ] ST FP] S}T PE] S| el sg is 
<5) a = a = a = 2 = a be 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 





























1 0.230) 0.588} 0.278) 0.527) 0.340) 0.457) 0.263) 0.546/0.0130) 0.114 
1A 0.230} 0.588} 0.278) 0.527) 0.340) 0.457) 0.263) 0.546/0.0129) 0.114 


2 0.290) 0.5 
0 


2} 0.340) 0.457) 0.426 
2A 0.290 2 


0.375) 0.307} 0. 493/0.0226) 0.150 
0.340} 0.457) 0.426) 0.37 


75) 0.307} 0.493/0.0225) 0.150 

















3 0.335} 0.462) 0.382) 0.415] 0.494) 0.320) 0.343) 0.454/0.0323) 0.180 


4 0.400) 0.398) 0.434) 0.368) 0.596) 0.253) 0.382) 0.415}0.0526} 0.22! 
4A 0.405) 0.402) 0.434) 0.368] 0.606) 0.248) 0.383) 0.414/0.0550) 0.235 


1c 


5 0.445) 0.359) 0.460) 0.347) 0.670) 0.214) 0.399) 0.399)0.0726) 0.269 
5A 0.450) 0.354) 0.462) 0.345] 0.678) 0.210) 0.398) 0.400/0.0751) 0.274 


6 0.500) 0.316) 0.486} 0.326] 0.758) 0.175) 0.407) 0.392/0. 1029) 0.321 
6A | 0.500} 0.316) 0.480) 0.331} 0.764] 0.172) 0.406) 0.392/0. 1055} 0.325 


7 0.550) 0.282) 0.494) 0.320) 0.844) 0.143) 0.395] 0. 403)0. 1435) 0.379 
7A 0.550} 0.282} 0.489} 0.324! 0.850} 0.141) 0.397) 0.401)0. 1460} 0.382 


0.1843) 0.429 


8 0.590) 0.257; 0.494) 0.320 
0.1849) 0.430 


8A 0.590) 0.257) 0.492) 0.322 





So 
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cients of the cation and anion in solutions of a difficultly soluble 
salt, do not necessarily have to be equal, even when cation and 
anion are of similar valence type. With increasing ionic strength, 
one would expect such differences to increase, as they do in these 
experiments. 
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Lewis and Randall (p. 362) have collected into one table the 
activity coefficients of typical electrolytes as established by 
freezing point data. We reproduce here their values for the 
molality of 0.01 followed by our own values for CaCO; and 
Ca3(PO,). calculated at the same concentration. 





























LiCl (25°) | ___ | x10, 
HCI (25°) | NaCl (25°) | KOH (25°) KNOs AgNO: | KIO: BaCl; 
KCl (25°) | | 
0.924 | 0.922 | 0.92 | 0.916 0.902 | 0.882 | 0.716 
. La(NOs)s. MgSO, 
CdCl . H:SO La( NOs) igs CaCO: | Cas(PO,) 
(25°) K2S0O4 | (25°) a” Sea (38°) (38°) id 
0.532 0.687 0.617 0.571 0.404 | 0.436 0.139 





Here, apparently, the activity coefficient decreases as the 
complexity of the salt grows with increasing number of ions in 
the molecule, increasing valence of the ions, and dissimilarity in 
pairs of ions constituting the salt. The activity coefficients of 
CaCO; and Ca3(PO,)2 at ¢ = 0.01, were calculated according to 
equations (34) and (36) respectively. 

The values for CaCO; and Ca3(PO,)2 pKs.p. are those which 
would be given by our equations on the basis of » in NaCl solu- 
tions. If only Ca++ and CO; ions or Ca++ and PO, ionscontrib- 
uted to the entire ionic strength at these molal concentrations, 
7.e. if we could possibly have only a pure solution of CaCO; and 
Ca3(PO,)2, perhaps these values would be different. As it is, 
not having such data, it has been necessary to resort to the 
calculation indicated above. The rule given by Lewis and Randall 
that the activity coefficient of a given electrolyte is the same in all 
solutions of the same ionic strength, is a limiting law and does not 
hold rigidly with increasing concentration and increasing com- 
plexity of the salt. As has been noted before, even at the same 
ionic strength, at a concentration such as these given here, 
the nature of the ions in solution has marked specific effects on 
the thermodynamic properties of such a solution. Bearing in 
mind that the activity coefficient of such a salt as Cas(PO,)2 may 
be quite different in a solution where only Ca++ and PO, ions are 
present from one in which NaCl is predominant, we will note the 
relative activity coefficients of a few salts at nu = 0.04. The 
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sulfate value is obtained from the same source as those above, the 


CaCO; and Ca3(PO,)2 being calculated according to equations 
(34) and (36) respectively. 


MgSO, 
CdSO, 
CuSO, 


0.404; CaCO; (38°), 0.436; Cas(PO,), (38°), 0.289 
CaSO, (p. _ 
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Fig. 3. The activity coefficient, y, of calcium plotted against the ionic 
strength yu, calculated from CaCO, solubility data and from Ca;(PO,): 
solubility data. The former are designated by 0, the latter by @. The 


broken line is plotted from data given in Lewis and Randall’s Thermo. 
dynamics, p. 382, for divalent ions. 


The low value for Cas(PO,)2 may be due to the errors involved 
either in calculating for » as we have noted above, in using doubt- 
ful dissociation constant values for phosphoric acid, or to a number 
of other unknown factors such as degree of hydration of the ions. 

Considering the difficulties involved, it is not surprising to find 
that the activity coefficients of Cat+ ion, calculated from the 
solubility data of the two salts, are different. However, inasmuch 
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as both values have been obtained on exactly the same solutions, 
and the Ca** ion activity at each concentration can have but one 
value, we must conclude that the discrepancy is a result of one of 
the factors mentioned above. Probably most of the difference 
represents the result of the combined error that may be involved 
in using the particular dissociation constants for carbonic acid and 
phosphoric acid which have been adopted for the calculations. 

Fig. 3 indicates the variation of the activity coefficient, 
Ycat+, With ionic strength. We have also plotted the few points 
of Lewis and Randall (p. 382) of average values for several 
bivalent cations, Ca++ included, calculated from the activity 
coefficient of the corresponding halides and that of Cl! ion. These 
check our experimental results up to » = 0.1. Our results, 
however, show that the decrease in value of y ceases at the low 
ionic strength of 0.1 in one case and of 0.2 in that of the other. 
This is quite unlike the behavior of the activity coefficient of 
Cat+ as determined from CaSO, data. Results such as these 
may be due to difference in electronic environment or inaccuracies 
in the use of the acid activity coefficients with varying u. 

To quote from Harned (1924), “It would appear that the 
activity coefficient of an ion at constant temperature is a function 
of its concentration, its valence, its dimensions, its complexity 
and its interaction with the other ions in the solution containing 
it. At higher concentrations, the effect of hydration becomes 
prominent as a factor which probably causes the thermodynamic 
behaviors of the ions to differ.”” It would seem that the diffi- 
culties attendant to the study of the activity of individual ions 
are enormous, and that many of the ideas on the subject are to 
be regarded as no more than tentative, awaiting further extension 
of our knowledge before further refinements in accuracy are possi- 
ble. It is with this view-point that the material related to cal- 
cium ion and salt activities has been presented. 

Solubility of CaCO; and Cas(PO,)2 in Salt Solutions under Various 
Conditions.—In order to obtain light on the question of the pre- 
cipitation and solution of calcium salts in biological fluids, it was 
considered desirable to study the effect of the various conditions 
under which equilibrium with the two saturating salts CaCO; 
and Ca3(PO,)2 could be attained. The effect of varying ionic 
strength has been described. The time limit of equilibrium 
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between solid and liquid phase, the possible variation in results 
with differences in the initial composition of the salt solutions, 
and incidentally the effect, if any, of differences in pay+ were 
investigated. 

In order to simulate as nearly as possible the composition of 
serum without its protein, balanced salt solutions already de- 
scribed were used. It was found that, contrary to expectation, 
such an artificial edema fluid gave no evidence of specific effect 
of the other ions present, but behaved as if it were entirely a 
NaCl solution of the same ionic strength. 

One of the first considerations was the question of the effect 
of such a solution containing the various ions on the activity 
coefficient of the bicarbonate ion. This had been determined 
previously only in the presence of NaCl and NaHCO;. In view 
of the marked specific effect of higher valence type ions on the 
electronic properties of solutions, pK,’’ of carbonic acid was deter- 
mined in four of the saturation systems, Nos. 10, 11, 14, and 15, 
and in another group in which artificial edema fluid was used 
without saturation with solid or addition of Ca++ ion. Calcula- 
tions were made according to equation (50). The results are 
given in Table VII. It was found that the average value of the 
saturation system determinations gave pK,” = 6.135 and the 
other three gave 6.154. Hence it was felt that the use of pK,” = 
6.13 on the basis of the determinations in NaCl solutions pre- 
viously made by Hastings and Sendroy, was justified in the case 
of these solutions. Any error in using the wrong value of pK,’ 
would be of no greater magnitude than the error involved in 
calculation with a similar discrepancy in pay+. Further, the 
Pay+ of “30,” “40,” and “50” was determined both electro- 
metrically and colorimetrically as indicated in the table; with 
practically no difference in results. This served as a check on the 
maintenance of the value of the apparent dissociation constant of 
phenol red which had previously been determined for the bicolor 
standards against m/15 phosphate solution. In view of these 
results, it was considered correct to apply all data on sodium 
chloride solutions of the same ionic strength to the artificial 
edema fluid used in these experiments. 

Table VIII gives a general summary of the results of this group 
of experiments. The experiments have been separated into four 
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groups, according to the initial composition, and will be treated 
separately in that manner in the analysis which follows. 

Group I. Experiments 9 and 14.—In this group calcium and 
phosphate were initially absent from the solutions. In order 
to satisfy the stoichiometric solubility product of both CaCO; 
and Ca3(PO,)2, the two salts dissolved, furnishing Ca++, CO;”, 
and PO} ions. Any excess of Ca++ over the carbonate solubility 
product would cause reprecipitation as the carbonate. Inasmuch 
as in this case the amount of Ca3(PO,)2 dissolved furnished just 


TABLE VII. 
Determination a of pK” H,CO; in Artificial Edema Fluid. 
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30” | 30.9/0. 541) 0.982! 30.97} 29. 837. 633e) 30.39)1. 483 6. 1500. 15030. 387 
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“50” | 47.8(0.541| 1.519) 31.79} 30.18)7. 466e| 19.87|1.298/6. 1640. 1506 0. 388 
ae 
10 | 38.6\0.541| 1.23 | 28.53] 27.16(7.47c | 22.08|1.34 |6.13 |0.1478)0.385 
11 | 39.1/0.541) 1.24 | 29.42) 27.987.46¢ | 22.57)1.35 (6.11 |0.14360.379 
14 | 41.5(0.541) 1.32 | 31.35) 29.94)7.51¢ | 22.691.36 |6.15 (0.14970. 387 
15 | 36.3(0.541| 1.15 | 28.24) 27.00/7.52c | 23. 481.37 [6.15 |0. 1423 0.377 
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about the right amount of Cat+ ion to satisfy both solubility 
products, there was but little precipitation of the calcium as 
carbonate. There was no difference in pK’,.».CaCQs;, but some 
in pK’,.,-Ca3(PO,)2, with difference in time of saturation from 
1 day to 8 days. 

Group II. Experiment 8.—The initial Ca++ ion concentration 
was quite high, [HCO ; | and [CO; ] normal, but no phosphate was 
initially in solution. At first the high [Ca++] caused precipitation 
of the bicarbonate as CaCOs, and, as the Ca++ ion concentration 
decreased, the driving force of the reaction decreased. In the 
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meantime, Ca3(PO,). dissolved in order to furnish PO, ion to 
satisfy the Ca;(PO,)2 stoichiometric solubility product. But in 
dissolving, it also furnished more Ca++ ions causing further pre- 
cipitation of the carbonate and diminution of calcium. Bi- 
carbonate was reduced, H,CQ; increased, and the solution became 
more acid. Apparently the reaction had not been completed in 
20 hours, for a condition of slight supersaturation with respect 
to carbonate, and slight unsaturation with respect to phosphate, 
was obtained at the end of that period. 

Group III. Experiments 16 and 24.—This group differs 
markedly from all of the others presented in this section in this 
respect: The solutions initially contained bicarbonate, carbonate, 
phosphate, but no calcium. In order to satisfy the equilibrium 
condition that the solution be saturated with respect to both solid 
phases, it was necessary that some Ca++ ion go into solution by 
dissolving CaCO; and Ca;(PO,)2. The latter, furnishing PO. 
ion to a solution already holding a large amount, dissolved but 
slightly, if at all. Hence CaCO, dissolved, furnishing HCO; , 
and CQ; ions, according to the reactions 

(a) CaCO; + H:CO; — Ca(HCO;)2 = Ca*+ + 2HCO;— 


q 


2H* + 2CO;* 


Also, Ca;(POs)2 may have reacted though slightly, as 


(b) Ca (POs) 2 a 2H.CO; — 2CaHPO, + Ca(HCO de 
t i 
2Ca*+ + 2HPO,* Cat* + 2HCO;~ 
iu N 
2H* + 2P0,= 2H*+ + 2CO;> 


Therefore reaction (b) was stopped with but little Ca+* in solution, 
and an increase in both PO, and CO; ion, especially at slightly 
greater alkalinity (pay+ = 7.50 and 7.57). Since there was 
already sufficient CO; ion in solution to take care that pK’,,, 
CaCO; was satisfied, the reaction (a) tended to the left. Since 
the solubility product of Ca3(PO,). was greatly exceeded, reac- 
tion (b) also tended to run to the left, causing a decrease in 
[Ca++], However, such a decrease would have disturbed reaction 
(a) again, whereas the solubility product for CaCO; was almost 
at the equilibrium value. The rate of adjustment was apparently 
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too slow, the final result being a supersaturation of Ca3(PO,)s. 
It may be noted that the final state of affairs for Experiment 24 
after 7 days saturation was very closely approximated by the final 
result of No. 16, a similar experiment, which had been run only for 
a little less than 2 days. 

Group IV .—AlIl of the experiments in this group had initially in 
solution, calcium, phosphate, and bicarbonate. Hence all reac- 
tions were precipitation reactions and should have been fairly well 
complete in a short time, in the presence of the two solid phases. 
Results of this and of Group V show an average of pK’, , CaCO; = 
7.43 at an average ionic strength for which ~/, = 0.387. The 
experiment upon CaCO; and Ca;(POx;)> solubility with changing 
concentration indicated a value of 7.46 for pK’, ,CaCOs at this 
ionic strength. The corresponding average pK’, ,Cas(PO4)2 
found was 26.53, the actual dilution curve at this ionic strength 
being at 26.67. Undoubtedly, the experiments in this group 
represent the best ones of simultaneous calcium carbonate and 
phosphate equilibria. Under these conditions, equilibrium is 
rapidly attained. 

Examination of the data for all experiments of the five groups 
reveals no apparent correlation between the stoichiometric 
solubility products obtained, and variation in pay:, final 
composition, or time of saturation after 16 hours. Hence these 
results were considered as a correct basis for comparison with 
results to be given on work with biological fluids. 

Table LX gives the corresponding results of Holt, La Mer, and 
Chown (p. 542) recalculated on the basis of the stoichiometric 
dissociation constants of phosphoric acid used in this work. 
By comparison with our own, we find the following for pK’, ». 
Ca3(PO,)o: 





Serum NaCl 
salts. curve. 


Author. Vi 





Holt, La Mer, and Chown............... 25.58 | 27.75 | 0.382 








Sendroy and Hastings......................: 26.53 26.67 | 0.387 

















As pointed out in a previous section, our results with artificial 
edema fluid check those with NaCl solutions quite well for pK’, ». 
Ca;(PO,)e and pK,”H:CO;. However, all of these experiments 
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were performed under very similar conditions. Holt, La Mer, 
and Chown obtained serum salt solubility products for Ca3(PO,)2 
at Pay+ between 6.95 and 7.70. In this respect, their experi- 
ments are comparable with ours, and the discrepancy between 
them may be ascribed to the difference in saturation. One might 
expect the velocity of precipitation of Ca3(PO,)2 in their experi- 
ments to be somewhat less than if the reaction had taken place in 
the presence of solid Ca3(PO,4)2. On the other hand, the dis- 
crepancy between their NaC] dilution curve and ours, and between 


TABLE IX. 
pK’ sp. Caz(PO4)2 at 88° in Serum Salt Solutions. 
Recalculated from Holt, La Mer, and Chown (1925,a), Table IX, p. 542. 
Ca(OH)2+H;POx,, shaking 8 days. 
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1 | 7.02) 0.144! 6.52 | 1.93 4.59 | 7.96 | 3.84 7. 10/25. 72)0. 1487/0. 386 
2 6.95) 0.126) 6.36 | 2.15 | 4.21 | 6.22 | 3.90) 7.21/26. 12/0. 1480/0. 385 
3 7.05) 0.151 6.13 | 1.77 | 4.36 8.11 3.82 7.09/25. 640. 1493 0. 386 
4 7.05) 0.124) 5.91 | 1.71 | 4.20 | 7.82 | 3.91 7.11/25. 95/0. 1477/0. 384 
5 6.92! 0.146) 7.57 | 2.68 | 4.89 | 6.82 | 3.84) 7.17/25. 86)0. 1462/0. 382 
6 7.22) 0.154) 4.55 | 0.98 | 3.57 | 9.82 | 3.81] 7.01 25. 45/0. 1463/0. 382 
7 | 7.22) 0.134) 3.94 | 0.85 | 3.09 | 8.55 | 3.87) 7.07/25.75)0. 1451\0. 381 
8 7.29, 0.096, 3.23 | 0.61 | 2.62 | 8.50 | 4.02 7.07/26.20'0. 1440/0. 379 
9 7.40, 0.126 2.65 | 0.41 | 2.24 | 9.36 | 3.90) 7.03/25. 76,0. 1431/0. 378 
10 7.10 0.154) 4.45 | 1.18 | 3.27 | 6.83 | 3.81) 7.17/25.77/0. 1421/0. 377 
11 7.70 0.116 1.64 | 0.14 | 1.50 |12.50 | 3.94) 6.90/25. 62/0. 1410)0. 376 
i ES SEE, EES PAS 2 ae | ER (CREE EN 
IT bra a ula gach owiga maureen ame re oe ea 











it and their own serum salt experiments, is difficult to explain. 
It may be that our use of what may be uncertain values for the 
first or the third stoichiometric dissociation constant of phos- 
phoric acid at such low pay+ results in the variation noted. 
The experiments on Ca3(PO,4). solubility alone in salt solutions, 
Paper II, all showed a higher figure for pK’,,,Cas(PO,)2. The 
reason for this is not clear. However, inasmuch as our interest 
is centered upon systems in equilibrium with both solids, it will 
be unnecessary to take into account the results of other systems 
at this time. 
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Solubility of Bone in Salt Solution.—In order to be able to draw 
conclusions as to the behavior of the bone salts from the fore- 
going experiments with solid CaCO; and Ca3(PO,)2 in vitro, it 
was considered desirable to make certain that the carbonate and 
phosphate of bone behaved as did the isolated salts used in our 
experiments. Dried human femur bones were obtained and 
pulverized into a fine powder. The dried and decomposed 
organic matter, lipoids, etc., in the powder, was not separated in 
Experiments 25 and 21. In one experiment, No. 23, the material 
was thoroughly washed several times. Group V, Table VIII, 
gives the results obtained with artificial edema fluid when saturated 
with bone powder. Experiments 21 and 25 show little difference 
from the results obtained in Group IV. Experiment 23 seems to 
be very much like those of Table II, Paper II, where only calcium 
phosphate was used as the saturating body. It is not known 
whether the effect of thorough washing would cause the dis- 
crepancy noted, or not. One may conclude from these experi- 
ments, however, that the calcium salts of bone do not behave very 
differently from the inorganic salts CaCO; and Ca3(PO,)s. 


Solubility of Calcium Carbonate and Tertiary Calcium Phosphate 
in Serum, 


In the previous section the conditions under which serum salt 
solutions could be brought into simultaneous equilibrium with 
CaCO; and Ca3(PO,)2 have been described. Using the data so 
obtained, it was thought that we were in a better position to 
understand, if not to explain, the problem of serum calcium and its 
relation to the bone calcium. 

By studying the reaction of serum when subjected to widely 
varying changes in its composition and condition, and by com- 
paring its reaction to such changes with its normal behavior, an 
effort was made to arrive at a satisfactory explanation of the 
nature of the serum calcium and the manner in which it exercises 
its physiological function. 

In such a study, we must realize that when one is dealing with 
serum it may or may not exhibit zn vitro all or some of the prop- 
erties that it possesses when in the body where it has the oppor- 
tunity to react with other tissues. Nevertheless, realizing this 
limitation, on the basis of our experiments, we have been able to 
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arrive at some definite conclusions as to the nature of the calcium 
compounds of serum. The behavior of these compounds affords 
a reasonable, though only partial explanation of the physiological 
behavior of serum as a medium for transporting calcium. 

Serum as drawn at normal pay+ had values of p([Ca] x [COs ]}) 
or pCaCOs of 6.40, and of p([Ca]® x [POs ]*) or pCas(POx)s, of 
92.50. After saturation with solid CaCO; at 38°, these values did 
not change for pay+ = 7.40. In fact, there had been practically 
no change in total [Ca] or total [PO,] over a wide pay+range. After 
saturation with solid Ca3(PO,)2, however, pCaCQO; was 7.23 and 
pCas(POx,)2 was 24.77 at pay+7.37 (Table IV, Paper II). There 
had been a decided decrease in [Ca] from 3.19 to 0.62 mm per 
kilo of H,O, while [PO,] had remained almost constant. All of 
these values are lower than those for pK’,,,CaCOs; (7.40) and 
pK’, p.(26.50) in serum salt solutions. 

From thermodynamic considerations, it has been shown that, 
when a solution is in equilibrium with a solid salt such as CaCOs, 
it is a necessity that the product of the activity of Ca++ ion times 
the activity of the CO; ion be a constant,—which is the activity 
solubility product. In terms of concentration, at equilibrium 
at any given ionic strength, [Ca++] x [CO;'] = K’,.p.CaCQs. 
Hence, if the [CO; ] is fixed and known, and the stoichiometric 
solubility product at the given ionic strength is known, one may 
calculate for a system at equilibrium, the value for [Cat*]. 

It has been shown by Van Slyke and collaborators (1925) that 
the ionic strength of horse serum is about 0.167, when protein 
and other unknown anions are taken into consideration. For our 
purpose, it will be convenient here to assume » = 0.160 as a 
round figure, for all sera, the possible effect of protein being 
neglected for the time being. On comparing the values for salt 
solutions at this ionic strength, with those for serum at pay+ = 7.4, 
we find in round numbers, at 38°, 


(a) Salt solutions + CaCOs, pK’s.p, CaCOs...........0000eee ees = 7.4 
ey Ree Ge I, Wh Tis cin enc cerivncicccascccsneccenssaaes = 6.4 
(c) - + CaCO, p CaCO; FOPTOTTTTT TTP CTT TE TC = 6.4 
(d) Salt solutions +Ca3(PO,)2|_,-, ad 

4.CaC0; BK nm, CaglPOge- 22.20 .00ceceses =26.5 


Ge) Geman Os GER, BC ides 6s ncn eccccccccdcnscececccces 2.5 
(f) = + Cas(PO,):, p Ca;3(PO,)2 WeTTTTE TICE TUTE TL =24.7 
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Evidently, pCaCQO; or p([Ca] x [CO 3-]) and pCas(PO4)2 or 
p([Ca]® x [PO,.-]?) donot have the same signifiance in salt solutions 
as in serum, even when the latter is in equilibrium with the solid 
salt. This can only mean that at equilibrium of systems (c) and 
(f), all of the [Ca] is not in the form of Ca*+ ions. Of course, 
for serum as drawn (b), the same conclusion would apply. 

In arriving at this conclusion, several assumptions have been 
involved. ‘The first is that the systems studied in the presence of 
the solid salts did come to equilibrium with the salt, regardless of 
what happened to the concentration of total calcium [Ca]. Even 
in the case of salt solutions containing phosphate which seemed to 
give high values for the solubility product of CaCO; in the presence 
of that salt, we are consistent with the above assumption, by 
assuming that the extra calcium was present, with phosphate in 
some form or other, not ionized. Thermodynamic considerations 
such as those on which this work is based make it extremely 
unlikely that the concentration of calcium ion in such a solution 
did not obey the rule expressed by equation (8) when the solid 
salt CaCO; was present. The criterion of equilibrium was the 
attainment of a constant value for pK’,,. The minimum time 
for this under these conditions was not determined, but we are 
fairly certain that for most reactions our experiments were run 
long enough to rule this out as a factor. 

Another assumption is that the activity coefficient of HCO;— 
and of CO; ion is the same in serum as in salt solutions. On 
the latter point, we have no data or direct evidence. However, 
as has been mentioned before, the activity coefficient of HCO; _ 
ion in serum has already been found to be apparently almost 
identical with the same quantity in a salt solution of corresponding 
ionic strength. In the light of this, the assumption made with 
regard to CO; ion, does not seem an unreasonable one. 

With these assumptions, one may proceed further. In such 
systems as may be considered in equilibrium with the solid, after 
having obtained the value for [Ca++], one may obtain [CaX] 
where, as has been mentioned before, [CaX] = total [Ca] — 
[Ca++]. This does not, in any case, involve any explanation or 
assumption as to what CaX really is, other than that it is calcium 
apparently in solution not in the form of Ca++ ions. 

Horse Serum Shaken with CaCO; and Ca3(PO,)2 for Varying 
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Lengths of Time.—Although previous work showed that salt 
solutions could be placed in contact and brought into equilibrium 
with both solid CaCO; and Ca3(PO,4)2 by shaking or rotating for 
about 20 hours, it was thought desirable to attempt to verify this 
for serum. Holt, La Mer, and Chown, using sterile technique, 
shook serum with Ca3(PO,)2 for from 8 to 10 days. Not only 
was this inconvenient, but such a procedure ran the risk of having 
some change, e.g. autolysis, occur in the serum thereby changing 
its character. If conditions could be adjusted so that the reaction 
was practically complete after 1 day, it would be a decided 
advantage. The results could then be compared with those of 
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Fig. 4. The rate of precipitation of calcium from separated serum when 
it is saturated with solid CaCO; and Ca;(PO,)2. Calcium in millimols per 
kilo of H,0 is plotted as ordinates and time in hours as abscissa. 


salt solution experiments performed under similar conditions. 
Furthermore, a study of the rate of change of calcium concen- 
tration would afford some indication of the mechanism of the 
reaction. 

Accordingly, fresh horse serum from defibrinated blood was 
rotated at 38° with solid CaCO 3 and Ca3(PO,)s; samples were 
removed at various intervals with the proper precautions and 
analyzed. Results are given in Table X and Fig. 4. 

In contrast to the behavior of serum when saturated with only 
CaCO; as the solid phase, the total calcium decreased rapidly upon 
bringing the serum into contact with the solid phase. At first 
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sight, this would seem to be an argument for the theory of super- 
saturation with Ca3(PO,)2, However, an examination of the 
change involved reveals that all of the calcium lost was precipi- 
tated not as phosphate, but mostly in the form of carbonate. 

For example, in the first 3 hours of saturation there was a loss 
in bicarbonate and carbonate corresponding to the precipitation 
of 0.84 mm per kilo of H.O of calcium as CaCQO;. The loss in total 
phosphate corresponded to the precipitation of 0.30 mm of calcium 
as Ca3(POx)2. By analysis, the actual loss in calcium was 1.52 
mM, which is 0.38 mm more than can be accounted for from the 
decrease in bicarbonate, carbonate, and phosphate. From this 
experiment alone, one might infer that a condition of supersatura- 
tion with respect to both CaCO; and Ca3(PO,4)2 existed in the 
serum before equilibration with the solid. 

This experiment is in agreement with the experimental results 
of Holt, La Mer, and Chown (see Table III, Paper II) on serum 
saturated with Ca3(PO,)2, and with the results of Holt and his 
collaborators (1925, b), who saturated cerebrospinal fluid with 
Ca3(PO,)2. These authors apparently overlooked the fact that the 
decrease in inorganic phosphate in their experiments was not 
sufficient to account for more than approximately 30 per cent of 
the decrease in calcium at pay+ = 7.40. At greater alkalinity, 
more was lost as phosphate up to 52 per cent. It would seem, 
therefore, that a theory quantitatively accounting for the calcium 
in the blood must embrace other possibilities than only supersatu- 
ration with respect to Ca3(PO,)e. 

Does this experiment necessarily mean that serum is super- 
saturated with respect to CaCO3;? The experiments with only 
solid CaCO; would seem to be one argument against this possi- 
bility. It will be recalled that salt solutions containing phosphate 
after saturation with solid CaCOs, still showed an apparent super- 
saturation with respect to CaCO;. Upon adding Ca3(POx)2 
also, a system was obtained, which soon attained equilibrium 
with both salts. The total calcium was decreased, but by theory, 
the Ca++ ion concentration in both systems before and after 
addition of Ca3(PO,)2, must have been that demanded by equilib- 
rium conditions. 

Salt solutions containing sodium citrate showed what seemed 
to be a very high degree of supersaturation with respect to CaCOs, 
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in the presence of the solid. Upon removing CaCO; and adding 
Ca;(PO,)2 and saturating, some calcium was lost as the solution 
entered into equilibrium with the new phase. As a result, the 
system still showed a very high pCaCOs at a time when the 
solution was unsaturated with respect to CaCQs. 

Serum to which an excess of calcium had been added, retained 
this calcium and showed an apparent supersaturation of CaCO; 
even in the presence of the solid. Serum partially deprived of its 
calcium did not dissolve calcium on saturation with CaCQOs. 
On removal of phosphate, however, it was found possible to 
decrease or increase the total calcium even in the presence of 
solid CaCQs. 

In all of these conditions, the total [Ca] was always more than 
would be found in a simple salt solution of the same [CO; | after 
saturation with CaCQ;. Hence, it can be seen that in salt solu- 
tions it is possible under several different conditions for a system 
to be in equilibrium with solid CaCQ;, to show an apparent 
supersaturation with respect to CaCQs, and to lose calcium upon 
being equilibrated with Ca3(PO,)o. Hence, although CaCO; 
was precipitated from serum on adding solid CaCO; and solid 
Cas3(PO;)2 in the light of its lack of response to CaCO ; alone, we 
must conclude that its behavior in the case under consideration 
was due to the presence of the Ca3(PO,). and its adjustment to 
the new solid phase, and not because it may have been super- 
saturated with respect to CaCO;. It is highly improbable that 
any mechanical phenomena could have prevented the precipita- 
tion of CaCO; from a supersaturated solution in the presence 
of CaCQ;. Moreover, it is difficult to see how any such factor 
should have become inoperative on the addition of Ca3(POx,)s. 

Horse Blood Shaken with CaCO; and Ca3(PO,)2 for Varying 
Lengths of Time.—In order to determine whether the presence 
of cells altered the reaction of serum toward solid CaCOs and 
Ca3(POx)e, freshly drawn defibrinated whole blood was brought into 
contact with both of these salts, samples were taken, and the 
serum separated and analyzed at various time intervals. It was 
anticipated that the presence of the cells might act to delay 
equilibrium, due to mechanical causes. When compared with 
the previous time experiment with separated serum, it is evident 
(Table XI, Fig. 5) that the cells exerted no appreciable influence 
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chemically or mechanically, on the final result with respect to 
CaCO;. No analyses were made for phosphate. Inasmuch as 
the blood used here was not the same as that used for the serum 
experiment, a direct comparison cannot be made. The rate of 
precipitation of calcium, however, was apparently the same as for 
the previous experiment, most of the decrease taking place within 
the first 5 minutes. The zero point was assumed from other 
analyses of the same horse serum. 

Uffect of Shaking Untreated Horse Serum at 38° at Varying 
Pay+-—In order to discover the effect on our systems, if any, 
of merely rotating serum at 38° for a period of about 16 hours, 
without any solid present, the experiment to be described was 


TABLE XI. 
Effect of Shaking Horse Blood at 38° for Varying Lengths of Time, with Solid 
CaCO; and Ca;(PO,4)2. Serum Separated and Analyzed. 
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performed. Fresh horse serum was equilibrated at varying 
tensions of CO, to give the desired pay+ range. From the total 
CO, and the CO, tension pay+ was calculated from the curve for 
pCO, 

2. 
on calculations. Results are recorded in Table XII. 

The results indicate that shaking serum at 38°, in itself, has no 
effect on the amount of calcium held in solution, within a very 
wide range of pay+. Starting with a concentration of 3.40 mm 
Ca per kilo of H,O, there was practically no change in this quantity 
from pay; 6.27 to 7.95. 

This experiment would suggest that whatever it is that keeps 
the calcium at a constant figure in vivo as far as change in pag+ 





the ratio = f; at varying pay+, as described in the section 
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is concerned, is still operative in vitro. Serum is apparently 
very well adapted to the biological function of keeping the calcium 
of the blood stream always at a constant level, within wide limits 
of variation of [H*}, [CO3_], and [PO,>]. 

Experiments given in Paper I in which CaCO ; was present, 
under the same conditions, gave almost the identical curve for 
pCaCO; and pCa;(PO,). with varying pay+, as was given by 
serum rotated without solid salts. The immediate inference 
would be that serum in the body is in equilibrium with CaCOs;. 
However, it is known that under normal conditions in the body, 
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Fia. 5. The rate of precipitation of calcium from serum when whole 
blood is saturated with solid CaCO; and Ca;(PO,).. Calcium in millimols 
per kilo of H,O is plotted as ordinates and time in hours as abscissa. 


the serum calcium is constant. Serum calcium in vitro has also 


been shown to be constant with change of pay+, when not in 
contact with CaCOs;, and also to be unchanged when CaCO; was 
added. Hence, we cannot say that the serum was in equilibrium 
with CaCO; in vivo or in vitro. 

Horse Serum Shaken at 38° with CaCO; and Ca3(POx)2 at Varying 
pay+—This experiment was performed in the same manner 
as the previous one without solids. The serum used had been 
standing in the ice box for a few hours before the experiment. 
The results obtained are given in Table XIII. 


Here, the total calcium started with an initial concentration 
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38° for 16 Hours, at Varying poH*. 


TABLE XII. 


Effect of Shaking Untreated Horse Serum at 
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for [Ca] of 3.03 mm. This was maintained at pag+ 6.25, but 
decreased to 0.98, increasing again between pay+ = 7.21 and 
7.80. This latter increase may be ascribed to the base-binding 
power of the proteins, which increases with pay+ causing a de- 
crease in [HCO; ]. At low pay+, phosphate was lost even when 
calcium was not. 

The important point is, that there was no evident precipitation 
of calcium as Ca3(PO,)2. Some HCO; was lost; some of it by 
precipitation, some due to the increase in base-binding power of 
the proteins. One may conclude from this experiment that 
supersaturation with respect to Ca3(PO,)2 does not explain the 
decrease in [Ca] when Ca;(PO,)2 is added to serum. Hence, 
supersaturation is not the hypothesis which explains or accounts 
for the existence of CaX. That portion of CaX which is left 
after serum has been rotated with CaCO; and Ca3(PO,)2 increases 
with the pay+. This is in harmony with what one finds in a 
salt solution containing serum proteins, and is the result of the 
increased calcium power of the serum proteins with increasing 
Paxt- 

Horse Serum with Added Ca(HCOs)2 Rotated at 38° with CaCOs 
and Ca;3(POs)2 at Varying pay+—Previous experiments with 
CaCO; showed that serum could retain apparently in solution an 
excess of calcium added as CaCle, even in the presence of solid 
CaCO;. This was also true when the added calcium was in the 
form of Ca(HCOQ;)2. To test this property in the presence of 
both CaCO ; and Ca3(PQO,4)2 as solid phases, calcium chloride was 
added to serum with an equivalent amount of NaHCO; to make 
the [Ca] concentration 7.41 mm per kilo of HXO—more than double 
the original calcium content. The results are given in Table XIV. 

Although phosphate was precipitated, as might be expected, 
in the presence of the solid phase and so much extra calcium, the 
total calcium also fell markedly; it did not reach the level of the 
previous experiment at any corresponding pH value; both [Ca] 
and [HCO; | were high. This may be interpreted as an argument 
for the theory that CaCO; is in colloidal suspension or is attached 
to the surface of the proteins, or may mean the formation of a 
calcium-carbono-X compound, although there is nothing in the 
CO; figure to indicate this. It will be noticed that the pCa3(POs)2 
value reached was near the value for the quantity in the 
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previous experiment, whereas pCaCO; was lower than normal for 
these conditions. 

Horse Serum Rotated at 38° with CaCO; and Ca3(POx.)2 after the 
Addition of Excess Phosphate—To normal horse serum was 
added a mixture of KH,PO,-NaszHPO, of pag+ = 7.40, sufficient 
to increase the phosphate content by 1.21 mm per kilo of H,0. 
The normal horse serum value would be about 0.8 mm per kilo of 
H,O. This serum was then rotated in contact with the two solid 
salts for 16 hours. The results are given in Table XV. 

This experiment shows that calcium in serum is very easily 
precipitated in the presence of an excess of phosphate and the 
solid phase Ca3(PO,)2. Moreover, examination of the phosphate 
figures reveals that although some phosphate had been pre- 
cipitated, the amount in solution was almost constant at a high 
figure throughout a wide range of pay+, whereas during this same 
period the calcium dropped steadily. Some of it was evidently 
precipitated as CaCO; since the loss in PO, cannot account at any 
Pay+ for the lossin calcium. In the presence of excess phos- 
phate, the calcium precipitated at pag: 7.4 to a point corre- 
sponding to the amount accounted for by the protein and salt 
content of the serum. That is, at pag+ 7.4, the [Ca] was the 
same as that of the experiment with two solids only. 

By comparison with the previous experiment, it may be noted 
that the pCaCO; was lower in value throughout when excess 
Ca(HCOs3)2 was present with the two solids, than when excess 
phosphate was added. The pCa3(POx.)2 value for both conditions 
was very much the same. Hence some calcium phosphate must 
have been precipitated in the one case by excess calcium and in 
the other by excess phosphate. The carbonate concentration 
throughout being about the same for both experiments, the differ- 
ence in calcium accounts for the difference in pCaCO; obtained. 

This may possibly be regarded not as suggesting supersaturation 
with respect to CaCO; in the previous experiment, but as suggest- 
ing the presence of colloidal CaCO; in very fine particles in 
serum. 

Horse Serum Rotated at 38° after Addition of Excess Phosphate.— 
This experiment, indicated in Table XVI, was similar to the one 
just described. PO, added was 2.25 mm per kilo of H.O. How- 
ever, no solid salts had been added. Under the circumstances, 
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reasoning by analogy from the experiments done on salt solutions, 
one would expect the condition of supersaturation shown here. 
This experiment, although it shows that serum can be apparently 
supersaturated with respect to calcium phosphate, does not 
constitute an argument for the hypothesis that normal serum 
in the body is supersaturated with respect to Ca3(PO,)o. The 
content of phosphate in normal horse serum is such that it is but 
little precipitated when Ca3(PO,)2 is added. Hence the extra 
calcium must be due to something else. 

Variation of Calcium Concentration with Dilution of Serum after 
Equilibrating with CaCOz and Ca3(PO,4)2.—In order to show that 
that portion of calcium which was left after precipitating calcium 
from serum, by shaking with CaCO; and Ca;(PO,)o, was of a 
definite composition, the following experiment was performed. 
Five solutions were prepared in which the serum was diluted with 
a balanced salt solution, so that the concentration varied from 
that of 100 per cent serum to 100 per cent salt solution. This salt 
solution was of an ionic strength +/, = 0.398 and contained 
NaHCoO;, NaCl, KCl, CaCh, MgCh, K.SO,, and NasHPO,- 
KH.PO, in the proportions generally found in serum. Hence 
it was the proteins and constituents of serum other than the salts, 
which were being diluted. Samples were saturated with the solid 
phases for 17 hours, then analyzed. 

Due to the dilution of the serum proteins, pay+ was found 
more accurately for Experiments 3 and 4 by calculation on the basis 
of analyses of CO, content and CO, tension. By using the proper 
aco, In accordance with the formula ago, = 0.557 — 103 u + 0.36 P, 
and assuming a protein content of 7 per cent in (100 per cent) 
serum, [H2CO;] was calculated. From this value, and the total 
[HsC03] 

(CO,] 





[COs], the factor fe was obtained from which the 


Pay+ was calculated. 

Values of 6.13 and 9.79 for pK,” and pK,’ respectively, were 
used throughout. 

By taking into account the water content of the solutions, the 
protein percentage per kilo of H.O was calculated. Table XVII 
gives the results of this experiment, and indicates that the total 
-alcium is proportional to the amount of serum. The results are 
not strictly comparable due to differences in pay. 
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This seems to prove that that portion of calcium which is still 
left, at least, has a definite composition. As has been pointed 
out, this is probably a calcium-protein compound. 

These results agree with previous experiments in which serum 
was so diluted and saturated with CaCO;. Other experiments 
in which the amount of dialyzed serum protein was varied, also 
showed a proportionality of serum protein to calcium. 

Variation in Vitro of pCaCOs and pCa3(PO,)2 with pay+ in 
Serum of Normal and Pathological Humans.—All of our in vitro 
experiments having been performed on horse serum, it was 
thought interesting to compare some results with the serum of 
normal and pathological human individuals. Table XVIII and 
Figs. 6 and 7 indicate the results obtained by varying the pay+ 


TABLE XVII. 
Variation of Calcium with Varying Serum Concentration, after Shaking 17 
Hours at 38°, with CaCO3 and Ca3(PO,4)2. 


























- | [Cal |p 
ve Total [CO2] | [COs=] | Total [PO.] | [PO.=) ', | Percent 
Experi- | payy+ mM X10 | mw Xx 103 “x10 | «x10 | MXI@ | serum 

ment No. | : — ee oe kg. H2O |. per 
| kg. H:0 | kg. H:0 | kg.H:0 | ke. HO | kg. HzO. 
| (observed. ) 
neta —|— | | 
1 | 7.27¢ | 28.61 | 0.080} 0.304 | 0.98 | 1.30 | 100.0 
2 7.38¢ | 28.58 0.105 | 0.358 1.20 0.98 74.1 
3 7.43g | 28.70 0.119 | 0.384 1.46 0.63 48.7 
4 | 7.44¢ | 29.82 | 0.126] 0.326 | 1.27 0.49 | 24.0 
5 | 7.57¢ | 30.07 0.154 | 0.250 1.21 0.26 0.0 





of serum within physiological limits. No change, or very little, 
took place in either total phosphate or calcium, but bicarbonate 
as usual decreased with increase in pay+, due to the increase in 
base-binding power of the proteins. 

The average value for pCaCO; at pay+ 7.40 was found to be 
6.49, and for pCa3(PO,)s, 22.42. The latter values are in agree- 
ment with those obtained on normal untreated horse serum at this 
Pay+, and with Holt, La Mer, and Chown’s values given in Table 
III, Paper II, before shaking with Ca3(POx)>. 

The average decrease in pCaCO; with payg+ was found to be 
0.90 between pay+ 7.2 and 7.5. This is really ApCO; variation 
with pay+ and hence can be used to calculate the value of pCaCO; 
for untreated serum, from any determined pay+ to some set 
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ApCa,(P Ox)2 
Apaoy+ 


Correspondingly, was 


found to be on the average — 2.35. 


Since there was no solid phase present, we cannot calculate 
[Ca++] with any degree of certainty. However, if we assume 
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Fig. 6. The variation of pCaCO; with pay+ in normal and pathological 
humans. The letters designate the subjects. See Table XVIII. 
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Fig. 7. The variation of pCa;(PO,)2 with pay+ innormal and pathological 
humans. The letters designate the subjects. See Table XVIII. 


equilibrium with CaCO;, we find that at pay+ = 7.40 the 
amount of calcium over and above the amount in solution in a 
salt solution of the same ionic strength and same CO; ion concen- 
tration would constitute about 85 per cent of the total calcium 


in these sera. Regardless of what this may be due to, it is an 
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index of the extent to which serum differs from a salt solution in its 
ability to transport the element calcium. The different levels of 
total calcium at the same pay+ may be ascribed to variation in 
any of the calcium-binding constituents of serum. 

Solubility of Calcium Salts in Vivo in Serum of Pathological 
Humans.—It was thought interesting to determine whether one 
could form any conclusions as to the variation in calcium of the 
serum in various diseases. A few cases were studied. Blood was 
drawn under oil with proper precautions to prevent loss of COs, 
allowed to clot, and centrifuged within 3 hour, then transferred to 









































TABLE XIX. 
pCaCO; and pCa;(PO,)2 in Pathological Serum as Drawn. 
os i - 
| E P29] sc] ael.| Ss 
Subject. | Date. ~ = Xe 1 x= x= : = 
Cc ve 11|7.34ce {27.88 |26.19 | 0.093] 1.73 | 5.20 | 2.12 |6.70/22.58 
‘Control.)| | 
| « 42 1.71 2.38 | 
| “ 13/7.23e |27.99 25.88 | 0.071] 1.39 | 3.10 | 2.28 [6 79/22. 94 
| “ 14]7.28¢ 1.49 | 3.32 | 2.43 [22.79 
| “ 16/7.35e |27.50 [25.86 | 0.094] 1.55 | 4.78 | 2.61 6.61)22. 38 
| “ 1917. 34e |30.98 |29.10 | 0.103] 1.92 | 5.78 | 3.35 |6 46)21.92 
J He 9.59 | 8.67 | 0.018} 7.92 ]12.51 | 1.94 |7.46]21.94 
O | 7.42 |25.80 |24.43 | 0.104] 2.34 | 8.68 | 2.23 |6.63/22.07 
F I7.33 23.49 |22.03 | 0.076! 1.93 | 5.65 | 2.20 |6.78/22. 48 
M | |7.22e 15.14 |13.97 | 0.038] 3.50 | 7.59 | 1.45 |7 2622.76 














containers over mercury. Analyses were made for pay+, COs, 
Ca, and total PO,. The results are given in Table XIX. 

A most interesting case is that of Subject J (chronic glomerular 
nephritis) who showed a very low bicarbonate, very high phos- 
phate, and slightly low calcium in serum. Analysis would 
indicate that the calcium was on the salt level (pCaCO; = 7.46) 
none being bound by protein or the hypothetical X. However, a 
calculation of pCa3(PO,)2 on the basis of the phosphate content 
would indicate a very high value for CaX. 

If CaX were due to supersaturation of Ca3(PO,)2 or CaHPO, or 
some form of calcium combined with phosphate, the real value of 
p([Ca] x [CO;~]) would be even greater, indicating a high degree 
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of unsaturation for CaCO;. However, not knowing the Ca++ 
ion concentration, we have but little indication of what has taken 
place in a case like this. 

The serum in vivo was unable to make any quick response to 
the disturbed CaCO; equilibrium. In this case, not only was there 
a diminution in calcium proteinate, and perhaps CaX, but the 
symptoms of convulsions, indicating a disturbed condition of 
nerve and muscle irritability, suggested that the Cat++ ion con- 
centration had decreased, the mechanism whereby the calcium is 
kept constant having failed to make the proper adjustments. 

Table XIX also contains the results of the study of a case of 
glomerular nephritis (Subject C) made at this hospital in collab- 
oration with Dr. J. F. McIntosh. The patient was treated daily 
for 1 week with parathyroid hormone injections, in an effort to 
relieve a persistent edema. No relief was obtained, but the 
results proved to be interesting from the standpoint of the therapy 
involved. During the injections there was a fall in pay+, a progres- 
sive increase in calcium, while phosphate remained persistently 
high. It is evident that the hormone caused an increase in total 
calcium. A change occurred in blood, whereby the factor which 
we call CaX was probably increased. 


DISCUSSION. 

In presenting the evidence, we have shown that the theory of 
complete dissociation of electrolytes, on the basis of the Debye- 
Hiickel theory, seems to fail as an adequate explanation for the 
solubility of calcium in serum. If this theory were to serve, it 
would be necessary to show that serum was supersaturated with 
salecium carbonate, or calcium phosphate, or both; or that the 
activity coefficients of calcium carbonate and of calcium phos- 
phate are lower in serum than those found to obtain in serum salt 
solutions. 

In our calculations, we have assumed that the activity coeffi- 
cient of CO; ion is the same in serum as in salt solutions. It has 
been pointed out that there is no direct evidence for this. In the 
same way, the activity coefficient of Ca++ ion may be different in 
serum from what it is in salt solutions. However, even if we were 
to assume an effect of serum on the activity coefficients of Ca**, 
CC; ,and PQ, ions to be identical, we would still not obtain values 








842 Solubility of CaCO; and Ca;(PO,). 


for Yco;=, Yro= and yca++ which would explain the facts. 
Apparently, ycaco, would be 0.08 in serum instead of 0.26. 
We have no evidence at the present time, although such evidence 
may be produced in the future, that such specific ion effects may 
be attributed to the serum proteins. 

Evidence has been produced which suggests that some portion 
of the serum calcium is bound by the proteins. However, in 
view of our lack of knowledge of the possible effect of the ionic 
strength of proteins in serum on the activity coefficients of the 
ions of difficultly soluble salts, we may only suggest what seems 
to be the probable magnitude of the calcium existing in the 
form of a protein compound. Apparently, this quantity is the 
amount that is left after saturating normal serum with solid 
-alcium carbonate and tertiary calcium phosphate. It corre- 
sponds to a certain portion of what we call calcium unknown 
(CaX) in serum as drawn. Concerning the hypothesis of super- 
saturation, it may be stated that although such a condition may 
artificially be produced in salt solutions and in serum, the evidence 
in every direction seems to be strongly opposed to this point of 
view; at least, as the sole explanation for the apparently abnormal 
amount of calcium in serum. 

Certainly, the experiments with CaCO; show no evidence of 
supersaturation. It has been shown that what apparent super- 
saturation of Ca;(PO,)2 does sometimes occur, falls far short of 
accounting for the amount of extra calcium that exists apparently 
in solution in serum. In view of the experiments of Holt on 
cerebrospinal fluid saturated with Ca3(PO,)2 and of others, the 
evidence seems strongly in favor of a diffusible, slightly ionized 
calcium compound. Our experiments with citrate certainly 
indicate that such a substance could behave the way serum cal- 
cium does. The change of pCaCO;and the change of pCa3(PO.)2 
with pay+ and with serum concentration, are points in favor of 
this hypothesis. 

Although the evidence of experiments with Ca3(PO.)2 and with 
CaCO; and Ca3(PO,)2 apparently shows that the fall in calcium 
is due to the presence of Ca3(PO,)2, we can only conclude, from the 
data, that the sole explanation is not supersaturation. As to 
exactly what happens when such large amounts of calcium are 
precipitated, we have no idea. The nature of the substance that 
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releases calcium as readily as our time experiments indicate, is 
unknown, and may only be the subject of speculation. Perhaps 
it is some slightly dissociable phosphate compound which holds 
calcium in unionized form. 

It has been interesting to note, in this connection, that we also 
possess, in the active principle of the parathyroid gland, a sub- 
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Fig. 8. The variation of pCaCO; with pay: in horse serum under different 
experimental conditions. The points corresponding to the different ex- 
periments are designated as follows: 


Symbol. Experimenta! condition. 
e With solid CaCO,. \ourve I 
Xx Without any solid. : 
oO With solid CaCO; and Ca;(PO,)2. Curve II. 
+ “ excess Ca and HCOs, and with solid CaCO; and Ca3(PO,)s. 
A 7 “« PO,“ = nosolid. 
oO - aos «“ « with solid CaCO; and Cas(PO,)2. Curve III. 
© “solid CaCO; after depletion of calcium in solution. 
a7 ” - “and parathormone after depletion of calcium in 


solution. 


stance of biological origin, which can apparently hold calcium in 
solution, in much the same manner as do citrate solutions. It is 
highly improbable, however, that it can accomplish this alone and 
unassisted, in the body. 

Concerning the question of equilibrium, it may be stated that 
the conditions for it have been obtained in our salt solution experi- 
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ments, and verified in those with serum at least with respect to 
Ca3(PO,)2. Taking into consideration, the work of Holt, La Mer, 
and Chown on this question, together with our own evidence, it 
seems very improbable that any possible error in attainment of 
equilibrium could be of magnitude sufficiently great to affect any 
of the conclusions we have drawn. 

The experiments presented, have, in large measure, been re- 
peated often. Although they do not offer a complete solution to 
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Fig. 9. The variation of pCa;(PO,). with pay+ in horse serum under 
different experimental conditions. For explanation of symbols see legend 
to Fig. 8. 


the problem of the nature of the calcium compounds of blood, the 
study of the solubility of the difficultly soluble salts has helped to 
increase our knowledge of the fitness of the mechanism which 
seems to be involved. 

This work, together with what other evidence is available at the 
present time, indicates that we are dealing with a complex system 
adjusted to function, under normal conditions, in such a manner as 
to furnish the organism with the optimum quantity of calcium in 
ionized and unionized form, wherever and whenever it is needed. 
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The properties of serum, in this connection, seem to conform to 
the demands of such a system. While it is realized that we have 
but a small part of the physiological picture, inasmuch as most of 
our work has been done in vitro, our experiments are sufficiently 
clear in this respect; namely, that they indicate how calcium may 
be transported from one part of the body to the other. 

For convenience, we have plotted in Figs. 8 and 9 the variation 
of pCaCO; and pCa;3(PQ,)2 with pay+ under the various condi- 
tions for which they have been determined. 


SUMMARY. 


1. The solubility of CaCO; and Ca3(PO,)2 in systems in equilib- 
rium with both salts has been studied, and the conditions for 
equilibrium determined. 

2. The stoichiometric solubility product of calcium carbonate 
has been found to vary with the ionic strength according to the 
equation pK’,.,.CaCO; = 8.58 — 494Vin at 38°. 

1+ 1.85Vy 

3. The stoichiometric solubility product of tertiary calcium 

phosphate has been found to vary with the ionic strength according 





to the equation pK’,.,.Ca3(PO)2 = 30.95 — 


4. The activity coefficient of Ca++ ion has been calculated from 
the solubility product data and the above equations. 

5. The results indicate that these systems behave in conformity 
with the Debye-Hiickel theory of strong electrolytes. 

6. The solubility of calcium carbonate and tertiary calcium 
phosphate in balanced salt solutions under various conditions, 
has been determined. 

7. The solubility of bone in salt solutions has been determined 
and found to be the same as that of its calcium salts. 

8. The apparent solubility of calcium carbonate and tertiary 
calcium phosphate in serum has been studied under varying pay+ 
and time of saturation. Similar experiments without solids have 
been performed. 

9. The solubility of these salts has been found to be unaffected 
in vitro by the presence of red blood cells. 

10. The solubility of the salts has been found, after shaking, 
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with both salts, to be directly proportional to the serum con- 
centration. 

11. The variation in vitro of pCaCO; and pCas(PO,)s with pay: 
in serum of normal and pathological humans has been studied. 

12. The pCaCO; and pCa3(PO,)2 of serum as drawn was deter- 
mined in certain pathological cases. 

13. The biological significance of these results has been dis- 
cussed. The data indicate that the theory of supersaturation is 
inadequate; that calcium exists in serum in abnormal amounts 
bound to some substance or substances which hold it in solution 
in unionized form. 
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ing on structure of lac- 


tose (LEVENE and 
SoBOTKA) 471 
Lactone: 

Formation of lactobionic 
acid, lactose structure, 
bearing on (LEVENE and 
SoBOTKA) 471 

— — maltobionic acid, 
maltose structure, bear- 
ing on (LEVENE and 
SOBOTKA) 471 

Lactose: 
Structure, lactone forma- 


tion of lactobionic acid, 
bearing on (LEVENE and 
SoBOTKA) 471 
Light: 
Radiations curative of 
rickets, glass screens 
transmitting (Luce) 
187 
Lipid: 
Excretion. IV (Sperry) 
351 
bile, relation, and 
metabolism 
351 


Fecal, 
sterol 
(SPERRY) 

Liver: 

Beef, protein 
nutrition 
and BEADLEs) 


M 


Maltobionic acid: 

Lactone formation, bearing 
on structure of maltose 
(LEVENE and Sosorka) 

471 


value in 
(MiTcHELL 
429 


Maltose: 
Structure, lactone forma- 
tion of maltobionic acid, 


bearing on (LEVENE and | 


SOBOTKA) 471 


Index 


| Meat: 
| Connective tissue, deter- 
mination (MITCHELL, 
ZIMMERMAN, and Ham- 
| ILTON) 379 
| Metabolism: 
Acetaldehyde, animal 
(BriGGs) 67 
Aromatic acids. XI 
(Mrriam, Wo.r, and 
SHERWIN) 249 
_-— XII = (Miriam, 
Wo tr, and SHERWIN) 
| 695 
Glycine, injected, hydra- 
zine intoxication (Lewis 
and Izumer) 33 


Hydrazine and derivatives, 
influence. II (Lewis and 
IzuME) 33 

———,—. Ill — 

and Lewis) 

Sterol, bile and fecal lipids, 
relation (SPERRY) 

351 

Milk: 

Calcium equilibrium af- 
fected by calcium level 
and sunlight in milking 
cows (Hart, STEEN- 
BOCK, Scort, and 
HUMPHREY) 263 

Iron content, affected by 
diet (ELVEHJEM, HERRIN, 
and Hart) 255 

Vitamin C content of, 
and ration, relation in 








cow (Huaues, Fitcu, 
Cave, and RIDDELL) 
309 
Millon: 
Phenol test (GrBBs) 
445 
Morphine: 
Separation and_ estima- 
| tion (BALLS) 543 





XUM 


— a. a ie 





XUM 


Subj 


N | 


Nephelometer: | 
Sulfur compounds, urine | 
(Dents and REED) 


205 | 
Nitrogen: 

Blood, non-protein, | 
changes in hydrazine in- | 
toxication (Lewis and 
IzuME) 33 

Kjeldahl, micro-, gaso- 
metric determination 
(VAN SLYKE) 235 

Nitrous acid: 

Phenol test (GrBBs) 

445 


Nutrition: 
Beef liver, heart, kidney, 
nutritional value (Miut- 


CHELL and BEADLES) 
429 
Iron. III (ELvVeEnseM, 
Herrin, and Hart) 
255 
Plastein (BEARD) 
477 
Protein of beef _ liver, 


heart, and kidney (Mrr- 
CHELL and BEADLES) 
429 


O 
Oil: 
Cod liver. See Cod liver 
oil. 
Ovary: 
Chemistry. XI (Tour- 


TELLOTTE and Hart) 
1 


Fat of residue (Tour- 
TELLOTTE and Hart) 


1 
Oxidation: 
5-Aminouracil (BauDIScH 
and Davipson) 
497 


ects 861 


Oxidation—continued: 
Catalytic, by complex iron 


salts (BaupiscH and 
Davipson) 501 
P 

| Pepsin: 

| Purification, properties, 
and physical character 
(ForBEs) 559 

Phenol: 

Tests. II (Grsss) 

445 
| Phosphorus: 

Inorganic, blood, insulin 
and glucose administra- 
tion, changes after, 
animal and human 
(KaTaAyAMA and KIL- 
LIAN) 707 

Physiology: 


Inorganic salts, diets un- 
usually rich in, physio- 
logical effect (OSBORNE, 
MENDEL, Park, and 
WINTERNITZ) 317 

Protein, diets unusually 
rich in, physiological ef- 
fect (OSBORNE, MENDEL, 
Park, and WINTERNITZ) 

317 
Picrate: 

Urine, normal, Findlay and 

Sharpe method (WuiTE) 





419 
Plant: 

Fats, dihydrositosterol, 
distribution (ANDERSON, 
NABENHAUER, and 
SHRINER) 389 

Sterols, reduction products 
(ANDERSON and 
SHRINER) 401 

Plasma: 

Electrolytes, potassium 
oxalate, effect (EISEN- 
MAN) 587 








862 
Plastein: — 
Nutritive value (BEARD) 
477 
Potassium: 

Oxalate, electrolytes of 
blood and plasma, effect 
(EISENMAN) 587 

Propylene oxide: 

Ammonia action on 

(LEVENE and WALT!) 
461 
Protein: 


Beef liver, heart, kidney, 
nutritional value (Mir- 


CHELL and BEADLEs) 
429 
Chocolate (MITCHELL, 


and KEITH) 

15 

Cocoa (MITCHELL, BEAD- 
LES, and KeritTH) 


BEADLES, 


15 

Diet, unusually rich, phy- 
siological effect (Os- 
BORNE, MENDEL, Park, 
and WINTERNITZ) 

317 

Excess in diet, kidney 
effect, long continued 
administration (AppIs, 
MacKay, and MacKay) 

139 

Hydration in solution, inert 
gases, relation (Srop- 
DARD) 629 

Solutions, activity. I 
(STODDARD) 629 

Pseudomorphine: 

(BALLS) 537 

Separation and estimation 
(BALLs) 543 

Pyridine: 

Test, chloroform, minute 
amounts, quantitative 
estimation (COLE) 

173 








Index 


R 


Radiation: 
Glass screens transmitting 
light curative of rickets 


(Luce) 187 

Rickets-curing, glass 

screens transmitting 

light (Luce) 187 
Reduction: 

Sterols, plant, products 
(ANDERSON and 
SHRINER) 401 

Rickets: 


Cod liver oil concentrate, 
antirachitic value, sub- 
cutaneously injected 
(KRAMER, KRAMER, 
SHELLING, and SHEAR) 


699 

Irradiated cholesterol, an- 
tirachitic potency 
(KRAMER, SHEAR, and 
SHELLING) 221 
Light radiation curative 


of, glass screens trans- 


mitting (Luce) 187 
S 
Salt(s): 
Calcium, solubility. I 


(HASTINGS, Murray, 
and SENDROY) 723 
, II (SenpRoy and 
HAstTINGs) 783 
. III (SenpRoy and 
HASTINGS) 797 

Inorganic, diets unusually 
rich in, physiological 
effect (OSBORNE, MEN- 
DEL, PARK, and WINTER- 
NITZ) 317 

Iron, complex, catalytic 
oxidation by (BAuDISCH 
and Davipson) 


501 


Se 


rh 
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187 


ucts 
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ate, 
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ER, 
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XUM 


Subjects 863 
Salt(s)—continued: | Sulfur: 

Solutions, calcium carbon- Non-protein, blood, deter- 
ate solubility (HASTINGs, mination (Drnis_ and 
Murray, and SENDROY) | REED) 191 

723 | Urine, nephelometric de- 


—, — phosphate, tertiary, | 
solubility (SENDROy and | 
HASTINGS) 

Screen: 

Glass, transmitting light | 
radiations curative of | 
rickets (LUCE) 

187 
Serum: 

Blood, normal, calcium, 
diffusible and  non- 
diffusible, distribution 
(UppEGRAFF, GREEN- 
BERG, and CLARK) 





87 | 
Silver nitrate: 

Ethyl iodide, reaction, de- 
termination of minute 
amounts in air, water, 
and blood (Srarr and 
GAMBLE) 509 

Specific dynamic action: 

Gelatin hydrolysates (Rap- 


a 


PORT) 75 
Spectrophotometry : 
Phenol determination 
(GIBBs) 445 
Sterol: 


Metabolism, bile and fecal 
lipids, relation (SPERRY) 
351 

Plant, reduction products 
(ANDERSON and SHRINER) 

401 
Sugar: 

Blood, insulin and glucose 
administration, changes 
after, animal and human 
(KaTayAMA and KI- 
LIAN) 707 


Urine, nature (EAGLE) 








termination (DENIs and 
REED) 205 


783 | Sunlight: 


Calcium equilibrium in 
milking cows, effect 
(Hart, STEENBOCK, 


Scott, and HumpHrey) 
263 
Suprarenalectomy: 
Blood, inorganic constitu- 
ents, changes (BAUMANN 
and KURLAND) 


281 
T 
Tissue: 

Connective, meat, deter- 
mination (MITCHELL, 
ZIMMERMAN, and Ham- 
ILTON) 379 

Tooth: 

Growth, biochemistry 

(MatsupDa) 437 


Triphenylacetic acid: 
Animal body, fate (Miriam, 
Wotr, and SHERWIN) 
695 
Triphenylcarbinol : 
Animal body, fate (Mir- 
1AM, Wo.r, and SHER- 


WIN) 695 
Triphenylmethane: 

Animal body, fate (Mrr- 
IAM, Wotr, and 
SHERWIN) 695 

U 
Uridine: 


Hydrazine hydrate action 
on (LEVENE and Bass) 
167 








864 
Urine: 

Diabetes insipidus, un- 
known substance (IL- 
LIEVITZ) 693 

Picrate, Findlay and 
Sharpe method (WuiTE) 

419 

Sugars, nature (EAGLE) 

481 

Sulfur compounds, ne- 

phelometric determina- 


tion (Drenis and REEpD) 
205 


Index 


V 
Vitamin(s) : 

C content of cow’s ration 
and milk, relation 
(HuGues, Fircu, Cave, 
and RIDDELL) 309 


W 
Water: 

Ethyl iodide determination 
in minute’ amounts, 
silver nitrate reaction 
(StaRR and GAMBLE) 

509 
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